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1. BACKGROUND

In 1971 the Pan American Health Organization (PAHO) presented to the
Health Authorities of Latin America and the Caribbean the first report of
the results of the REDPANAIREI, covering data collected between 1967 and
1970. Five years later a new consolidated report has been prepared, in
which the previous results and those gathered between 1971 and 1974 are
presented and an attempt is made to analyze them. The task has not been
easy, The number of stations Increased from 34 to 93, the number of cities
included rose from 18 to 29, and the amount of data collected more than
quintupled, The excellent collaboration given by the national authorities
In charge of operating the statfons facilitated the collection of results.
The experience gained through this endeavor should be very useful in pre-
paring future reports, which will likewise depend on the continued and
enthusfastic support of the participant countries.

The Ten~Year Health Plan for the Americas?, approved in November 1972
by the it Speclfal Meeting of Ministers of Health of the Americas, included
among its recommendations on environmental health the following:

"To formulate and execute atr pollution control programe in urban

areas with more than 500 000 inhabitants and in other cities where
tndustrialization or other spectial considerations Justify the need
for such measures. ™

The Pan American Center for Sanitary Engineering and Environmental
Sciences (CEPiS), a PAHO Regional Center, has prepared a list of cities in
Latin America and the Caribbean where, according to the preceding recom-
mendatlan, control programs should be formulated. As shown in Table 1, of
a total of 87 clties, 33 already have more than 500 000 inhabitants, 20 will
surely exceed this figure during the decade, and another 34, of lesser size,
have current or potential air pollution problems.

Of the 29 cities included in this report, 21 fall into the first
category, five into the second, and three into the third. CEPIS hopes that
this collabaration to a better diagnosis of the problem will help in meeting
the goals of the Ten-Year Health Plan.

It should be stressed that the responsibility for operating the
stations and, as a consequence, the quatity of results, belongs exclusively
to the countries involved. Sampling programs are part of national evalua-
tion, prevention, and control programs. The role of PAHO and CEPIS is to
provide the technical assistance deemed necessary, to coordinate the dijf-
ferent programs, to transmit to every country the experience obtained in
the others, and to collect, with the collaboration of the participant agencies,



Table 1

87 cities of Latin America and the Caribbean where air pollurion control programs should be started, according ¢o the
goals of the ITI Special Meeting of the Ministers of Health of the Americas

: Cate- . Cate- . Cate- . Cate-
Country City oty Country City gory Countyy City gory Country City gory
Argentina Bahla Blanca 3 {Brazil Nova Hamburge 3 Cuba Sagua la Grande 3 Paraguay Asuncion 2
Buenos Aires 1 Pelotas 3 Santa Clara 3
Cordoba 1 Piracitaba 3 Santiago de Cuba 3 Peru Arequipa 2
Corrientes 3 Porto Alegre 1 : Chiclayo 3
La Plata 1 Recife 1 g::::i;::ﬂ Santo Domingo 1 Chimbote 3
Mar del Plata 2 Riberao Preto 3 Lima 1
Mendoza 2 Rio de Janeiro 1 Ecuador Guayaquil 1 Trujillo 3
Parana 3 Salvador 1 Quito i
Rosatria 1 Santos 2 Surinam Paramaribo k]
Salta 3 Sac Paula 1 El Salvador San Salvador 2
San Juan 3 Trinidad/Tobage Port of Spain 1
Santa Fe 3 Chile Loncepcion 2 Guatemala Guatemala 1
Tucuman 2 Santiago 1 Uruguay Montevideo 1
Valparalgo 1 Guyana Georgetown 3
Bahamas Freeport 3 | Venezuela Barquisimeto 2
i Colombia Barranquilla 1 Haici Port-au-Prince 2 Caracas )
Barbados Bridgetown 3 Bogota 1 Ciudad Guayana 3
Bucaramanga 2 Jamaica Kingston 1 Maracaibe 1
Bolivia La Paz 2 Cali 1 Maracay 3
Cartagena 2 Henduras Tegucigalpa 3 Valencia 2
Brazil Americana 3 Medellin 1
Belem 3 Mexico Ciudad Juarez 2 Summary:
Belo Horizonte 1 Costa Rica San Jose 3 Guadalajara 1
Brasilia 2 Mexico City 1
Campinas k] Cuba Camaglley 3 Monterrey 1 Category | 33
Campos 2 Cienfuegos 3 Puebla 2 Category 2 20
Caxias do Sul 3 Holguin 3 Category 5 34
Curitiba 1 Havana L Nicaragua Managua 2
Fortaleza 1 Matanzas 3
Juiz de Fora 3 Nuevitas 3 Panama Panama 2 TOTAL 87
Pinar del Rio 3
Categories! - 500 000 inhabitants or more

1
2 - Less than 500 000 inhabitants, but expected to exceed this figure during the decade
3 - Other cities with current vr potential air pollutien problems




process, tabulate, analyze, and disseminate the results obtained among the
interested parties. It is hoped that this work will help to improve the
programs operating in the Region, to expand monitoring and evaluation
programs, to guide programs of prevention and control, and to safeguard the
inhabitants of Latin America and the Caribbean from the serious consequences
to their health and economy that alr pollution has produced, and is producing,
in more industrialized countries. tn this manner CEPIS believes to be helping
to accomplish the high mission entrusted by the Member Countries to the Pan
American Health Organization.

2. METHODS OF SAMPLING AND ANALYSIS

REDPANALRE originally included the determination of:

= Settled dust., Monthly averages,
~ Suspended dust, Daily averages.
= Sulfur dioxide, Dafly averages.

A method for the determination of monthly averages for atmospheric
corrosivity, still in its experimental stage, was subsequently added at
some stations. The results of the latter technique do not appear in this
report, but CEPIS hopes to prepare a special one on this matter soon.

The metbods used are basically the following:

2,1 Settled dust

An open plastic jar is left exposed to the atmosphere for one month,
After this period it is taken to the laboratory, where the dust is collected,
dried, and weighed. Results are expressed in mil)igrams per em? per 30 days
(mg/cm2/30 days].

2.2 Suspended dust

Air is passed through a filter paper during 24 hours by a system which
includes a pump and a gas meter. Loss of reflectivity of the paper is
measured photoelectrically. Suspended dust concentration is determined by
a standardized curve and is expressed in micrograms per m3 (ug/m3).

2.3 Sultfur dioxide

A Drechsel flask is added to the equipment used for the preceding
method. After the air passes through the filter paper, it bubbles through
a hydrogen peroxide solution which retains sulfur dioxide and oxidizes it
to sulfuric acid. The increase in acidity is determined volumetrically.
Average atmospheric concentration is calcutated in micrograms per m3 {ug/m3) .



3. REPRESENTATIVITY OF ANALYZED POLLUTANTS

The pollutants measured by the REDPANAIRE correspond mainly to by-
products of combustion emitted from staticnary sources and, in part, to
natural sources of pollution. REDPANAIRE does not measure pollutants
produced by motor vehicles. Unfortunately, there are no simple methods for
these determinations. Problems due to carbon monoxide and photochemical
oxidants can be important in certain cities, and some authorities have
already started to measure them, acquiring for this purpose relatively high
priced and complex instrumentation, without which it is very difficult to

get acceptable results. It must be kept in mind, however, that in the
majority of Latin American and Caribbean countries and cities the number of
motor vehicles is still low and probably insufficient to produce a general-

ized problem. Nevertheless, traffic in the downtown areas of many cities

is already heavy enough to produce high poilutant concentrations, situation
which is aggravated by the fact that many of the vehicles in use are
comparatively old models and not always in good repair. This is a situation
that should be carefully observed and monitored. PAHO hopes to be able to
include methads to measure these pollutants in the REDPANAIRE Manual of
Operations in the near future. To implement them the countries will have

to assign more financial resources to their menitoring and evaluation pro-
grams than those allotted in the past.

b, REPRESENTATIVITY OF SAMPLES

According to the instructions in the REDPANAIRE Manuail of 0perations3,

the first station in each city should be located in the downtown area, corre-
sponding normally to places with heavy vehicle traffic, a predominance of
administrative offices and commercial establishments, and little industrial
activity. When there are more than one station in the same city, they have
been distributed in such a manner as to cover different types of zones -
industrial, residential, commercial - in order to get the most representative
picture possible. 1t should be kept in mind that this is not a simple task.
Horizontal and vertical air currents diffuse and disperse pollutants, both

in time and space, in a very unpredictable manner. Concentrations measured
at a specific place and time can change considerably - increasing or
decreasing - in a matter of minutes. The form and rhythm of emission pro-
duction are also important factors. To ameliorate these variations REDPANAIRE
uses daity and monthly averages, which is a normal practice in most monitor-
ing programs throughout the world. Although they do not provide information
about instantanecus peaks that may occur, they give weighted averages which
lessen the differences.

It can be assumed that results from one station constitute a reasonable
representation of what is happening within a radius of approximately one
kilometer, providing there are no sources of pollutants in the near vicinity
to distort the results. The results also provide some information about
conditions within a radius of approximately five kilometers around the
station, with precision varying in inverse relation to distance. When there
are several stations operating in one city, similar results obtained at two
of them can mean that concentrations are fairly constant in the zone between
the sampling sites.



To get really representative samples of the atmosphere of a city is
a8 complex task that can be costly. The first REDPANAIRE-type station
installed in a ¢ity costs at present around US$1 500 including equipment and
materials for a year of analysis. Additional stations, for which it is not
necessary to duplicate the elements for analysis of samples, cost approx-
imately US$800. Cost of materials for a year of operations reaches US$5200.
However, an extensive evaluation program implies additional expenses, in-
cluding the cost of station operation, personnel and vehicles for collecting
samples, laboratories, administration, etc. A truly representative program
can mean a considerable number of stations and personnel to run them. For
this reason, a suitable compromise needs to be found between the desirability
of obtaining the best possible knowledge and a reasonable cost. Five to
eight REDPANAIRE-type stations, which can be instalied with an investment
of US$5 000 to 6 500, and run with a total operational cost of US$10 000
per year, can give a sufficiently clear picture in a city of 500 000 to
1 000 000 inhabitants, if they are located in such a manner that they suppiy
information on the different types of zones within the city. Logically,
this number should be increased, although not proporticonally, for larger
cities. One station alone should be considered representative only of the
situation at the site where it is installed and in the immed iate neighbor-
hood.

5. INTERPRETATION OF RESULTS

There is not yet enough knowledge to estab!ish precisely what should
be considered as a clean atmosphere, nor is there agreement in this respect
between specialists and researchers or among national and international
authorities. The U.S. Environmental! Protection Agency recently published
a compilation of air quality management standards from all over the world"4,
which shows a wide diversity in relation to values considered as acceptable.
Among the better known are those approved by the United States in 1971,
publighed in the Federal RegisterS, and those in force in the U.5.S.R. since
1951.

At the international level, the World Health Organization (WHO)
proposed in 19727 some figures referred to as Recommended Long-Term Goals,
which are gradually becoming known. REDPANAIRE, in turn, had already
suggested in 1967 Reference Levels! to facilitate interpretation of results
obtained. In Table 2 a summary of these four sets of acceptable limits is
presented. It is easy to see a relatively important variation, both in the
accepted levels and the sampling and analytical techniques., However, the
values are of similar magnitude.

Given these circumstances, and to maintain uniformity with previous
reports, the data for this report has been summarized in several tables in
which, for comparison purposes, the REDPANAIRE Reference Levels are used.

In most cases, the WHO Long-Term Goals are also indicated. As mentioned in
the first Network Reportl: "These figures do not attempt to set intermation—
al limits, a funetion beyond the seope of an isolated institution. Their
only purpose is to establish a compartson basis which will help to determine,



Table 2

Air quality standards proposed by the Soviet Union, the United States

and WHO-for suspended dust and sulfur dioxide

(gfu?)
U.S5.5.R. U.5.4, WHO
(1951) (1971) REDPANAIRE Expert Committee
"(1967) (1972)
Suspended dust:
Annual average S 75a, b 100 40¢
Daily average 150 2600, d _— —
Maxioum one-time concentration 500 — - -
98X of observations below -— —_— — 1200
Sulfur dioxide:
Annual average —— B2 70¢ 60¢
Daily average 50 365¢, d -— -
Maximum one-time concentration 500 —— - -
98X of observations below —— — - 200°

Notes:
{a)
b)
CH
@
(e)

Geometric mean

Analyzed by the high-volume method

Apalyzed by the methods used by the REDPANAIRE
Not to be exceeded more than once per year

Analyzed by the pararesaniline colorimetric method



even if only approximately, the quality of ambient air in a city as a
funetion of results obtained by the Network stations. It must be clearly
understood that they only claim to be reference levels for comparison among
monthly averages of samples collected and analyzed by the Network stationms.
Air will be polluted to the extent to which mean figures are higher than
these concentrations. Similarly, if they are lower, the problem should be
eonsidered less serious according to how far the momthly averages are from
the reference levels. The trend of these means, when it can be determined,
will be the most important observation. A tendency towards periodic increase
will indicate the wurgency of adopting prevention and control measures to
avoid greater deterioration of air quality and to try to correct the exis—
ting situation.”

6. PRECISION OF SAMPLING AND ANALYSIS

Precision of results obtained by methods used In any measuring
program, even those employing Instrumental techniques and high-priced equip-
ment, is controversial. The complex problem of determining very low concen-
trations, which are constantly changing both in space and time, makes it
difficult to get precise results showing the exact conditions prevalent in
a specific city or zone. No really good analytical methods are available
for practically any of the most important pollutants. 4Under these circum-
stances, we have to compromise by accepting reasonable approximations.

The best methods for measuring settled dust have been discussed at
length in numerous papers. Different programs use diverse types of jars,
with variations in height, weight, shape and material, Sampling techniques
are equally different. Since this method is basically of an empiric nature,
in REDPANAIRE an intent has been made to carefully standardize sampling and
analysis and the shape of the collecting jar in order to prevent losses and
get the most uniform and comparable results possible.

With reference to suspended particles, divergencies are even greater,
since they affect the technical basis of sampling and analysis as well.
The most common method in the United States uses a gravimetric technique
and a high-volume vacuum pump. The one most used in England, Europe, and
several other countries of the world, suggested by WHO as the standard
method for its Long-Term Goals, is based on collecting the particles
suspended in a relatively low volume of air on a white filter paper. Since
not enough material is collected for a gravimetric measurement, concentra-
tion is estimated by means of the loss of reflectivity caused by the dust
stain.

Both methods have advantages and disadvantages, The size of particles
collected by the high-volume sampler depends fundamentally on the air flow
rate, which is, in turn, a function of the power of the motor and the
structure and dimensions of the instrument. Air velocity and, as a conse-
quence, the size of the particles that can be collected diminish considerably
as dust is deposited on the filter. The larger particles are precisely the
most difficult ones to capture and have the biggest influence on the totat
mass. It must be kept in mind that weight varies with the third power of



the particle diameter. [n addition, a large chamber where the relative
humidity can be kept at 55% or less is needed for the gravimetric analysis.

The reflectometric method has, on the other hand, the serious dis-
advantage of being dependent, to a great extent, on particle color. Cities
with heavy smoke produce darker stains, giving positive systematic errors.
Very light particles, 1ike some natural dust and cement, can cause important
negative errors, It must also be kept in mind that "suspended dust’ is not
a specific chemical entity, but a mixture of many substances produced by
different sources and causes, their common characteristics being a solid
state and a relatively wide range of particulate size, normally less than
50 ym in diameter.

A broader discussion of the precision of the method used by REDPANAIRE
for suspended dust does not seem possible. A method has been adopted, as
empiric as the others, which when used under strictiy standardized conditions
vields perfectly valid results within a specific station. This validity may
not extend to the comparison among different stations, because the charac-
teristics of suspended particles can change from one city to another, and
even within the same city from one zone to another or for different periods
of the year. A similar situation occurs with the gravimetric method. The
most important fact is that continuous and around-the-clock measurement
will make it possible to establish, over a period of time, concentration
trends, the seriousness of the problem affecting a city, the urgency of
adopting prevention and control measures and the results of control programs
when these are in operation.

The situation is different, although not much better, with respect
to sulfur dioxide. Of course, this corresponds to a perfectly defined
chemical compound - S0, - with well-known chemical and physical properties.
However, permissible limits are all on the order of three parts of sulfur
dioxide per 100 millions parts of air. These low concentrations, together
with possible interferences, make its analysis gquite difficult.

The precision of the hydrogen peroxide method has been the subject
of studies by CEPIS and by national institutions.® These tests show that
recuperation is approximately 82%, which is not affected by any of the
variables studied. A modification made by one of the countries, completing
the analysis by means of turbidimetry with previous precipitation as barium
sulfate, produced somewhat better recuperation without a substantial varia=-
tion in the average values obtained.? A comparative study made at CEPIS
by means of parallel samples analyzed by the hydrogen peroxide and the
pararosaniline {West & Gaeke) methods again gave similar averages, with
differences of less than 10%, which should be considered satisfactory. In
one of the cities it was decided to change the sampling and analytical
techniques from the hydrogen peroxide to the pararosaniline method. No
important differences were observed in the magnitude of the results obtained.
In another, collection in sodium hydroxide and volumetric analysis of the
sodium sulfite obtained did not have a significant effect on the results.
The studies made show that agencies forming part of the REDPANAIRE, using
the sampling and analytical method suggested in its Manual of Qperation,
developed in England, utilized in many other countries, and proposed by a
WHO Expert Committee as the basis of its Long-Term Goals, can be reasonably
satisfied about the precision of results obtained, especially with reference
to the validity of averages and observed trends.



7. PARTICIPATING CITIES

Table 3 lists the cities participating in the program which submitted
results to CEPIS before the deadline for their inclusion in this report. As
it can be seen, samples taken at 93 stations, installed in 29 cities of 14
countries have been analyzed. REDPANAIRE is constantly expanding and in the
future it will be possible to offer a more complete view of the situation in
the Region.

8, GENERAL DISTRIBUTION OF RESULTS

The 93 stations included in this report collected 151 553 samples, of
which 1.7% correspond to settled dust, 50.4% to suspended dust, and 47.9% to
sulfur dioxide samples,

tn Table 4 a distribution of results is presented. |In Part A, data
are classified according to pollutants anzlyzed, showing the number and
percentage of samples exceeding the values suggested as Reference Levels
{R.L.). Taken as a whole, 26.4% of all samples exceeded these levels,
These percentages vary for each pollutant. Thus, 75.7% of the settled dust
sampies, 22.9% of suspended dust, and 28.2% of sulfur dioxide exceeded the
suggested values.

This excess was quite great in some cases. Table 4B presents a
distribution of the general averages for each poliutant, according to the
number and percentage of stations with results reaching one half, one, or
more times the Reference Levels. As can be seen, excesses are found par-
ticutarly in the case of settled dust. Only 3.7% of the stations have a
general average below one half the Reference Level (<0.5 R.L.}, a concentra-
tion that can be considered satisfactory. A general average between one
half and one time the Reference Level, still acceptable, is shown by 18.5%
of the stations. The other 63 stations, 77.8% of the total, had averages
over the Reference Level, Eight stations (9.9%) had general averages
between 5.1 and 10 times the Reference Level, and one station (1.2%) exceeds
this figure by more than 10 times. Since this is the general average of all
samples analyzed, this reflects a serious condition to which due considera-
tion shouid be given,

The situation is somewhat better, but not satisfactory, for the other
pollutants. For suspended dust, 48.9% of the stations have a general average
below one half the Reference Leve! and 32.6% are included between one half
and one time this level; in other words, they have good or acceptable
atmospheric conditions for this potlutant. Only 15 stations (16.32) showed
general averages between one and two times the Reference Level, and two
stations (2.2%) had between two and three times this figure. S$ince suspended
particles constitute the material that is inhaled into the respiratory system
of the inhabitants of the corresponding cities, these figures cannot be
considered satisfactory. |If we compare them with the Long-Term Goal (L.T.G.)
proposed by WHO, the situation is much worse.



Table 3

REDPANAIRE (1967-1974)

Distribution of sampling stations included in the Network with results

up’ to December 1974 contained in this report

County Ciey carions results

Argentina Buenos Aires 6 7 174
Cordoba 2 3 212

Mendoza -3 1751

Rosario 1 290

Bolivia La Paz 1 1730
Brasil Belo Horizonte 1 783
Curitiba 1 284

Porto Alegre 1 3 147

Rio de Janeiro 1 2 760

Sao Paulo 11 8 237

Colombia Barranquilla 3 2 528
Bogota 6 12 178

Bucaramanga 1 1 811

Cali 4 2 083

Cartagena 1 258

Medellin 4 7 523

Costa Rica San Jose 1 1 822
Cuba Holguin 1 471
Havana 6 8 987

Santiago de Cuba 2 657

Chile Santiago 2 6 331
El Salvador San Salvador 2 2739
Guatemala Guatemala 1 1 014
Jamaica Kingston 1 736
Mexico Mexico City 14 44 290
Peru Lima 4 7 688
Uruguay Montevideo 2 2 708
Venezuela Caracas 8 17 960
Maracaibo 2 401

14 T 29 93 151 553



Table 4
REDPANATRE (1967 -~ 1974)

Distribution of results obtained

A. By pollutant analyzed, showing total and percentage of samples exceeding
values proposed as Reference Levels (R.L.)

No. of Total of ) > R.L,
Pollutant stations samples x No., z
Settled dust 81 2 585 1.7 1 957 75,7
Suspended dust 92 76 343 50.4 17 518 22.9
Sulfur dioxide 93 72 625 47.9 20 485 28.2
151 553 100.0 39 960 26.4

B, Distrjbution of the general average for each pollutant showing the number
and percentage of stations with results between specific multiples of the
respective Reference Levels

R.L. Sett%ed dust Suspended dust Sulfur dioxide
No.sgtations 4 No.stations % No. stations ) 4
< 0.5 3 3.7 45 48.9 55 59.1
0,5-1 15 18.5 30 32.6 14 15.1
1.1-2 26 32,1 15 16,3 22 23.7
2,1-3 15 18.5 2 2.2 2 2.1
3.1-4 8 9.9 92 100.0 93 100.0
4,1-5 5 6,2
5.1~10 8 2.9
> 1 L2
81 100.0

1



With relation to sulfur dioxide, 55 stations (59.1%) are below one
half the Reference Level and another 14 (15.1%) are included between cne
half and one time this figure. Twenty-two stations (23.7%) showed general
averages between one and two times this suggested level, and two stations
(2.1%) between two and three times this figure. Sulfur dioxide is probabty
a more dangerous pollutant than suspended dust, and there are a greater
number of stations with excessive general averages. This should alert the
health authorities to the need for implementing corrective measures,

9. SETTLED OUST

Table 5 presents the network stations in decreasing order of the
arithmetic mean of the monthly results collected. The first 14 general
averages, which inciude seven stations In Mexico City, two in Barranquilla,
and one each in Curitiba, Cartagena, Medellin, Cordoba, and Montevideo, are
over four times the value suggested as the Reference Level. Values over
twice the Reference Level were found at the 14 stations of Mexico City,
including those installed in the cleanest zones.

At the lower end of the table, the 1B stations with concentrations
equal or lower than the Reference Level are found in Caracas, Lima,
Santiago de Cuba, Maracaibo, and other cities which seem to still have an
atmosphere reasonably free of large particles. Those with general averages
very near the Reference Level should increase their sampling programs to try
to get a better knowledge of the real situation affecting them, and adopt
immediately the necessary preventive steps to maintain, and if possible to
improve, this situation.

Table & presents the network stations in decreasing order of the
maximum monthly average obtained at each station, showing the month and
year when this value appeared. Here some figures can be found which may
not correspond to reality and, unless confirmed by other data, could have
been caused by a sampling or analztical failure, The maximum value reported
for the whole network, 38.4 mg/cm“/30 days, was obtained at Barranquilla 1
in October 1971. This would represent an extreme situation in which 384
tons of dust would have settled over an area of one km? around this station
during the month. Maximum values over 10 mg/cm?/30 days have also been
found at Cartagena | and Montevideo 1. These tooc should be considered as
excessive although they are far below Barranquilla !. However, these
samples cannot be ignored under the unconfirmed assumption that they are
erroneaus. Another look at the table shows that the other stations in
Barranquilla are in 5th and 21st place in decreasing order, and that the
maximum value obtained in the latter is still almost ten times above the
Reference Level. Every precaution should be taken to be sure that sampling
and analysis leave no doubts as to the gquality of results, and to investi-
gate the cause of these high concentrations, their consequences for the
population, and the best way to correct them.

The maximum values for most of the stations in Mexico City are in the

upper part of the table. Other cities, among them Havana, Medellin, Cali,
Cordoba, and Curitiba, also show high values.
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Table 5
REDPANATRE — SETTLED DUST (1967 - 1974)
Network stations in decreaging order of the arithmetic mean of
monthly results (ng/cmZ/30 days)

General No. of General No. of

Station average wonthly Station average monthly

Samples samp les
1. Barrasquilla 1 6.77 24 42. Bogota 5 0.90 32
X, Curitiba 1 %.80 5 43. Medellin 1 0.87 21
3. Hexico 2 4,30 68 44, Bogota 2 0.85 30
4. Cartagena 1 4.08 7 45. San Salvador 2 £.85 17
5, Mexico 3 3.54 70 46, La Habana 3 .84 2
6. Medellin 2 3.45 3% 47, Rosario 1 0.82 6
7. Barranquilla 2 2,72 a 48, La Habana & 0.77 20
8. HMexico 12 2.57 13 49. Buenos Adres 3 a.76 10
9. Mexico 11 2.55 3l 50. Santiago 1 0.72 53
19. Cordoba 2 2,35 11 51. La Habana 1 Q.70 36
11. Mexico L4 2,26 9 52, Caracas 8 0.69 18
12. Mexico 1 2,13 i} 53, Montevideo 2 0.69 17
13. Montevideo 1 2.12 29 5&. Kingston 1 0.69 15
14. Mexico 10 2.02 43 55. Rio de Janeiro 1 0.68 86
i5. Mexico § 1.94 66 56, La Paz 1 0.64 27
16. Buenoa Aires 4 1.82 9 57. San Salvador 1 .63 46
17. Cardoba 1 1.80 0 58, Bucaramanga 1 0.61 "
18, Mexico 7 1.1 56 59, Caracas 7 0.61 22
19, cali 2 i | 14 60, Bogots & 0.58 32
20. Bogots 3 1.58 7 61. Caracas § D.54 38
21, Mexico & 1.56 68 62, Mendoza 1 0.54 15
22. Caracas } 1.53 61 63. Santiago 2 0,53 5
23. Barrsnquilla 3 1.37 18 64. Lima 4 0.50 --R.L, 27
24. Belo Horizonte I 1.34 34 63, Lima 1 0,49 68
25. Mexico & 1,33 55 66, Caracss 6 0.48 26
26. Mexico 9 k.31 47 67. Mendoza % 0.48 12
21. Mexico 8 1.30 54 68. La Habana 2 0.47 42
28, Cali l 1.3¢ 13 69. Carscas 2 0.45 59
29. Bogota 1 1.28 80 70. Caracas 3 0.43 60
30. Sio Paulo 1 1.28 66 71. cCali 4 0.43 14
31, Buenos Aires 1 1.24 68 72. Mendoza 2 0,42 a7
32. Guatemala 1 1.23 17 73, Helguin 1 0.4t 9
33. La Habana 11 1.20 ki 74. Maracaibo 1 0.41 4
34, Medellin 3 1.18 36 75. Bogota 6 0.40 il
5. Medellin 4 1.14 kr 76, Santiago de Cuba 1 0,38 11
36. Mexico 13 t.o9 9 ?7. San Jowme 1 0.36 34
37. Buenos Aires 2 1.07 14 78, Lima 3 0.30 a9
38. Porto Alegre 1 0.98 52 79. Santiago de Cuba 2 0.22 2
39. cali 3 0.97 12 80. Lims 2 0.21 36
49. Caracas 4 0.96 44 81. Maracsibo 2 0.17 5

41, La Habana 5 0.93 19



Table &

REDPAMAIRE ~ SETTLED DUST (1967 - 1974)

Retwork stations in decreasing ctder of the maximum monchly value obtained in each station,

indicating the month this maximum value occurred (mg/cm?/ 30 days)

Maximum monthly

Maximum monthly

Station Hanth value Station Mornth value

1. Barranquilla 1 Oct 71 38,40 42, Kingstom 1 Mar 69 2.39
2. Cartagena 1 Feb 74 i8,73 43. La Habana 11 Jun 74 2.28
3, Montevideo 1 Feb 71 12.14 44, Buenoa Aires 2 Set 67 2.27
&. Mexico & Set 71 8.81 45, Medellin 4 Ene 72 2,14
5. Bartanquilla 2 Set 72 8.7 4.  Porto Alegre 1 Ene 72 2.08
6. Mexmico 2 Dic 70 8.51 47. Sao Paulo 1 Ene 72 2.07
7. Mexico )} Jun 70 8.06 48, Bogota 2 Ene 73 2.03
8. Medellin 2 Abr 74 7.17 49. Caracas & Oct 73 1.9%
9. La Habaona 5 Jun 74 1.1 50. Bogota 1 Mar 71 1.91
10. La Habana 3 Jul 74 1.40 51. Mandoza 2 Dic 10 1.78
1. Cali 2 Set 71 7.25 $2. San Salvador 1  Die 74 1.46
12. Cordoba 2 Dic 71 6.72 53. Caracas 8 Abr T4 1.41
13. Curitiba 1 Jun 74 6.59 54, La Habana 1 Jun 72 1.40
14. Mexice 11 Mar 73 5.88 55, San Salvador 2 May 74 1.38
15, Mexico 10 May 70 5.85 56, Roaario 1 Jun 71 1.36
16. La Habana 6 Mar 74 5.78 57. Hontevideo 2 Ene 74 1.26
17. Rio de Janeiro 1 Abr 71 5,60 58, Medellin 1 Oct 73 1.20
18. Cordoba 1 Ene 72 5.41 59. Bucaramsnga 1 Oct 71 1.1%
19. Maxico 1 Mar 73 5,08 60, Buenvs Alves 3 Ago 69 1.15
20. Mexico 12 May 73 4,92 a1, La Paz 1 Jun 73 1.12
21. Barranquilla 3 Ahr 73 4,80 62, Mendoza 1 Ene 71 1.00
22. Mexico 5 May 73 4,40 63, Cali 4 May T4 0.97
23. Buenos Airea 1  Age &7 4,10 64. Caracas 35 May 74 0.97
24, Mexico k4 May 73 3.94 65, Caracas 2 Oct 74 0.95
25, Santiage 1 Mar 69 3.92 66. Caracas 7 May 74 0.93
26. Caracas 1 Jun 72 3.85 67. Caracas 3 Ago 73 0.86
27, Mewmico 7 Feb 72 3.75 68, Bogota 4 Mar 72 0.82
28. Belo Horizonte 1 Set 73 3.2% 69, Mendoza Y Dic 73 0.80
29. Mexico 6 Jun 73 3.25 10, Lima 4 Nov 71 0.91
30, La Habana 2 Jun 73 3.00 i, San Jose 1 May 73 0.78
al. Mexico 8 Abr 72 2,93 72, Lima 1 Abr 71 0.77
32. Bogota & Nov 72 2.87 73. Caracas 6 Jun 12 0.75
33, Bogota 3 Mar 74 2.65 4. Santisgo 2 Abr 69 0.71
34, Cali 1 Ago 71 2.57 75. Holguin 1 May 74 .57
35. Mexico 9 May 70 2.56 76, Santiago de Cubs 1 May 74 0.53
36. Buenos Aires 4 Oct 70 2.55 77. Lima 3 Aga 72 06.51
37,  Medellin 3 May 72 2.52 18. Maracaibo 1 Mar 74 0.51
8. Custemala 1 Ago 73 2.48 79.  Lima 2 Ene 73 X
39. Mexico 13 May 73 2,48 80, Maracaibo 2 Feb 74 0.24
40. Cali 3 Mar 72 2,41 81. Santiago de Cuba 2 Dic 74 0.22
41, Bogota 5 May 73 2.40
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in Table 7 the results for settled dust are presented according to
the percentage of values exceeding the Reference Level. Since such high
figures have been found for this pollutant, it was decided to calculate
also the number and percentage of samples exceeding 1 mg/em2/30 days; i.e.
twice the Reference Level. Six stations, three of them in Mexico City,
reported 1002 of their samples exceeding twice the Reference Level. The
others are Medellin 2, Buenos Aires 4 and Curitiba 1. At another 15
stations, 100% of the samples are over the Reference Level, but the percen-
tages exceeding twice this value are a little lower. At the bottom of the
table only three stations - Lima 2, Maracaibo 2, and Santiago de Cuba 2 -
had all their results below the Reference Level.

in analyzing the previousiy mentioned figures, the number of samples
taken should be kept in mind. Of course, averages obtained as a result of
a large amount of data are much more valid than those corresponding to
only a few samples. Continuity and expansion of measurement programs will
show if data collected in the future confirm the preliminary analysis or
if they indicate a need to revise these conclusions.

The samples of settled dust taken in each of the 29 cities included
in the REDPANAIRE are grouped by city and presented in Table 8 in decreasing
order of the percentage of those exceeding the Reference Level. In six
cities (20.7%), 100% of the samples are over this figure, and in another
six over 90% exceeds these values. At the end of the table there is no
city where all samples are below the Reference Level, although in five cities
(17.2%) - Holguin, Lima, San Jose, Maracaibo, and Santiago de Cuba - 100%
of results are lower than 1 mg/cmi/30 days, or twice the Reference Level.

10. SUSPENDED DUST

The 92 stations which collected suspended dust samples are presented
in Table 9 in decreasing order of the arithmetic mean of the monthly
averages of the concentrations observed at each one of them. Seventeen
stations (18.5%) show general averages in excess of the Reference Level. At
one of them, Mendoza 9, this general average reaches 300 ug/m3, three times
the proposed Reference Level and 7.5 times the Long-Term Goal (L.T.G.)
recommended by WHO. If the WHO L.T.G. is used as a reference, 53 stations
(57.6%) have averages over 40 ug/m3.

At the other end 45 stations (48.9%) have general averages below one
half the Reference Leve!, and 38 (41.3%2) of them are below the L.T.G. This
represents an acceptable condition that should be confirmed by continuous
monitoring and should be improved, or at least preserved, by opportunely
developing the necessary prevention and control programs.

In Table 10 the stations are distributed in decreasing order of the
maximum monthly average obtained at each of them, indicating the month this
maximum average occurred, The highest value was observed at Havana 6,
October 1973, with 428 ug/m?®. 1t is followed by stations in Sao Paulo,
Mendoza, Buenos Aires, San Salvador and Mexico City, all of them with
maximum values over three times the Reference Level. Forty-four stations
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the propomed Reference Laevel of 0.5 mg/cn?/30 d

Table 7

REDPARATRE - SETTLED DUST (1967 - 1974)

Network stationa in decrassing order of the percentage of tocal samples axceeding

Station Samples > 8.5 > 1.0

N z N* b3

1. Medellin 2 36 3% 100.0 36 1000

v Mexico Ll 31 31 100.0 kN L00,0

3, HMexica L2 13 13 100.0 12 ipo.o

4. Mexico 14 9 9 100.0 9 100.0

5. Buenos Altes 4 9 5 100.0 L4 L00.o

6. Curitiba 1 5 5 100.0 51000

7. Hexico 3 70 70 100.0 68 97.1

4. Cordoba 1 38 38 100.0 34 85.5

9. Barranquilla L 24 24 160.0 i 87.5

10. Barrsaquilla 2 o 30 1G0.0 F{] 86,7
11, Hexico 1 7l 71 160.0 5% Bl
12, Honrevideo 1 2% 2% 100.0 23 79.3
1}, Caracas L 61 .1} 100.0 4z 71.0
14, Sao Paulo L LT3 86 100.0 49 742
15, Bogota 3 ? ? 100.6 5 1.4
lb. Calil 13 13 100.0 §  89.2
17. Gustemala 1 L 17 100.0 1 bk, 7
18. La Habana 11 1 ? 100.0 4 51.1
19. Bavranquills 3 10 15 100.0 10 55.6
20. Porto Alegre 1 52 52 100.0 22 2.3
2}. Rosario 1 & ] 100.0 1 16.7
22. Bogota 1 80 79 SB.7 b4 BO.O
23, Mexico 2 68 67 98.5 87 91.2
24,  Mexico 7 56 55 98.2 52 92.8
25. Belo Horironte t M 13 97.1 21 676
26, HMexico § 1] &4 97.0 58 8r.9
27. Hedellin & 32 a 96.9 22 8.8
28. Bogota S 32 31 96. % 7 21.9
2%, Medellin 2 kv 29 9.7 21 0.0
0. Mexico 8 54 52 96.7 9 12.2
31, Mexice 9 a7 43 95.7 n 8.1
32. Cordoba i 27 21 §5.5 19 86.4
13, Mexico LD 43 41 95.3 4l 95.3
3. Medellin 1 21 20 95.2 & 28.6
35, Mexico b 55 52 94.5 40 2.7
35, Mexico 4 68 L1 94,1 4B 70.6
37. Buenca Ajres } 1] (.13 $e.l L1y BT
38, bogota 2 30 28 $31.3 9 30.0
39. Cali 2 L& 13 2.9 9 4.3
40. Buenoa Aires 2 L& 13 §2.9 5 35,7
4l Caracas 7 22 20 %0.9 1} 0.0

16

48,
49,
50.
3.

33,
S4.
55
56.
57
58.
59.
60,
L1
61.
3.

45,

Station Samples 0.3 10

N X L %

Buenos Aires 3 10 9 90.0 I 10.0
Mexico 12 9 ] B4.9 4 4b.a
Caracan & 11 39 88.6 0 43.5
San Salvador 2 17 15 88.2 4 23.5
Ccali 1 12 10 83.3 L] 0.0
Caracas B 18 15 83.3 2 11.2
Montavidea 2 17 12 16.5 3 17.6
La Habana 1 56 2 5.0 10 17.9
Bogota & 3z 21 719 0 0.6
Cartagens 1 ? 5 1.4 ] “2.9
Bucaramanga 1 38 27 n.1 2 6.3
San Salvador 1 b n 67,4 & B.?
La Paz 1 27 13 66.7 1 3.7
Santiaga 1 53 3 64,2 -] 11.3
La Habana 5 19 11 57.9 2 10.5
Rio de Janeire 1 L1 a7 54.7 5 5.8
La Habana 3 22 i2 54,5 3 14,6
Caracas 5 36 1y 52.8 ] 0.0
Santiago 2 L] 1 50,0 a 0.0
Lima } 68 30 4.1 o 0.0
La Habana & 20 8 40.0 3 15.0
Mendoza 1 15 (3 40.0 o 0.0
Garacas & 28 io 8.5 0 0.0
Kingeton 1 15 5 1.3 2 11.3
Lima 4 27 g 13.3 a 0.0
Mendoxa 3 12 4 kX P o 0.0
Boiguin 1 9 k] 333 o .0
Carscas 7 59 18 30.5 Q 0.4q
Cali & 10 3 10.0 L[] .0
Cavacas 3 60 15 25.0 0 .0
Maracaibo 1 4 1 25.0 ] 0.0
Mendoza 2 a7 3 2l.6 3 8.1
L+ Habana 7 42 9 21.4 1 2.4
Bogota & 1n b 19.4 1 3.3
San Joae 1 34 5 i%.7 o 0.0
Santiago de Cuba 1 1n 1 9.1 ] 0.0
Lima 3 kL 1 .6 [} Q.0
Lima 2 36 ¢ 0.0 o 0.0
Haracaiba 2 5 ] @.0 0 (8]
Santizgo de Cuba 2 2 ¢ _00__ 0 _0.0
2 585 1957 5.1 1 37¢ 45.6



Cities included in the Network in decreasing order of the percentage of

total samples exceeding the proposed Reference Level of 0.5 mg/em2/30 days

Zsble 8

REDPANAIRE - SETTLED DUST (1967 - 1974)

Stations Total Samples Samplea
City in city samples exceeding 0.5 exceeding 1.0
No. 4 No. z

1. Curitiba 1 5 5 100.0 5 100.0
2. Barranquilla 3 72 72 100.0 57 79.2
3. sao Paule 1 66 66 100.0 49 74.2
4, Guatemala 1 1?7 17 100.0 11 64,7
5. Porto Alegre 1 52 52 100.0 22 42.3
6. Rosario 1 1 6 100.0 1 16.7
7. Cordoba 2 60 59 98.3 53 88.3
8. Medellin [ 119 116 97.5 85 1.4
9. Mexico City 14 660 642 92.3 556 84,2
10. Belo Horizonte 1 34 33 97.1 2 67.6
11. Buenos Aires 4 101 95 94,1 59 SB8.4
12. Montevideo 2 46 42 91.3 26 56,5
13, Bogota 6 212 174 82.1 86 40.6
14, Cali 4 49 39 79.6 24 49.0
15. San Salvador 2 63 46 73.0 8 12.7
16. Cartagena 1 7 5 .4 3 42.9
17. Bucaramanga 1 38 27 71.1 2 5.3
18. La Paz 1 27 18 66.7 1 3.7
19. Santiage 2 59 37 62.7 6 10.2
20. Cgracas 8 326 197 60.4 69 21.2
21. Rio de Jameiro 1 a6 47 54,7 5 5.8
22. Havana 6 166 89 53.6 23 13.9
23. Ringston ‘1 15 33.3 2 13.3
24, Holguin 1 9 3 3.3 0 0.0
25. Mendoza 3 64 18 28.1 3 4.7
26, Lima 4 110 40 23.5 0 0.0
27. San Jose 1 34 5 14.7 0 0.0
28. Maracaibo 2 9 1 11.1 o] 0.0
29, Stgo. de Cuba 2 13 1 7.7 0 0,0

|1 2 585 1 957 75.7 1179 5.6
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Table 9
AEDPAMAIER - SUSPEMDED DUST (1967 - 1974)
Network stations in decrsssing ordar of the arithmetic msan of the
monthly sysrags concentrstions ( ug/m®)

Monthly Mo, of Monthly No. of
Scatiom . average monthly Station averags monchly
Avarages AVETages
1. Mendoza 9 300.0 12 47, Sdo Paulo § 52.0 10
2, San Salvador 2 %1.3 18 . La Habans & 47.8 19
3. Moutevideo 2 179.5 17 49. Madellin & 45.4 H
&,  Duenos Adres 1 174.7 12 30, Buenos Aires ) 44.3 11
5. Maexico § 168,7 65 51. Sio Paulo 11 43.1 10
6. Buenos Aires 1 154.5 18 52, CGuatemala 1l 42.8 3]
7. Sio Paulo 1 150.4 o7 33 Sogota 2 42.6 28
8. lRosario 1 133.9 ] 54. Bogota & 40.0-L.T.6.32
9. Mexmice 3 132.5 ™ 55. Calil M.1 23
10. La Habana 2 131.1 “ 56, Madellin 1 36,8 a
11. La Habana 1 118.2 54 57, La Paz 1 3.8 29
12. Sio Paule 7 116.9 10 58, San Jose 1 36.1 N
13. Buanos Aires & 108, & 9 59, HMendoza l 34.1 14
ld, Mamico 1 107.5 80 60, Kingston 1 33.3 22
15. San Salwvador 1 104.9 [ 61, Bogots 5 32.8 3z
16. Sa0 Paulo 2 104.7 12 61. La Habana 5 31.7 18
17. ‘Mexico 2 100.4& 75 63. Lims 1 0.8 68
18, Mexico 12 w.s "l e 66.  cali 2 29.8 2
19, Maxico 11 95.3 3 65. Cali 3 29.2 22
20, Maxico 10 93.3 51 66, La Habwas 3 26.6 19
21.  Sio Paule 10 85.8 10 67. Caracas 7 25.4 2
22. Maxico 8 84.0 62 6. Caracas B8 25.4 197
23, Mexzico 1& a7.7 17 . Dbarranquilla 2 4.7 30
24,  Mexico ? B86.% 2] 70. Mendoza 1 24.6 37
25. Rio de Janairo 1 Bl 84 71, Carscas & 22.7 48
26. Santiago 1 83.6 82 72, Porto Alegre 1 22.2 52
27. Momtavideo 1 83.1 36 73. Caracss & 20.5 27
28. Santiage 2 B81.8 k1 T4, La Rabana 11 21.4 1
29, Sio Paulo 4 80.3 n 75. Siéo Paunlo 8 18.1 10
30, Buenos Alres 23 17.3 24 76. Lima & 18.0 28
31. Mexico & 3.0 77 7. Catacas 2 7.2 62
32. Medellin 2 4.9 35 78. Bucaramanga 1 16.6 40
33}. Caracas 1 73.4 &4 79, Cartagsna 1 16.5 14
3. Bogota 3 73.3 7 80. Barranquilla 3 16.3 21
5. Sdo Paule 6 10.8 10 8l. Caracas 3 15,8 67
36. Mexico 5 67.0 75 az. Lima 3 15.6 34
37. Cordoba 1 66.0 41 83, Caracas 5 14.4 k]
3, Cordoba 2 64.3 25 84, Santiago de Cube 1 13.4 11
39. Buenos Aires 22 64.3 8 85, Bogota 6 13.0 a0
50. Mexico 13 63.7 17 86, Cali 4 12.8
41, Bogota 1 59,5 81 87. THRolguin 1 11,3 9
42. Curitiba 1 59.4 3 88, Maracaibo 1l 1.1
43, Sac Pauvle 3 59,1 11 89, Lima 2 10.2 34
44,  Medellin 3 58,2 38 90, HMaracaibo 2 8.4 5
45, Mexico 9 56.8 56 91, Santiago de Cuba 2 6.9
46, Sao Paulo 3 55.6 11 92, Barranquilla 1 6,0 23
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station, with indicetion ¢f the menth when this maximmm average occurred (ug/ne)

Table 10

REDPANAIRE ~ SUSPENDED DUST (1967 - 1974)

Network stations in decreasing order of the maximum monthly average obtained at each

Haximum monthly

Maximum monthly

Station Month average Station Honth average
1. La Habana 6 Oct 73 428 47. Sao Paulo 3 Jun 73 89
2. Sao Paulp 1 Jun 72 %3 48, Curitiba 1 Jul 74 84
3. Mendoza 9 Ago 73 385 49, S3o Paulo 5 Jul 73 80
4, Buenos Aires 1 Ago 72 a5t 50, Medellin & Mar 73 18
5. San Salvador 2 Jul 74 139 51, Mendoza 1 Jul 71 T4
6. Mexico & Ene 73 314 52, Sao Psulo 9 Ser 1A 12
7. La Habana 2 Feb 73 274 53, La Pazl Jun 73 70
8. Montevideo 2 Abr 74 254 54. Guatemala 1 May T4 66
9. Mexico 3 Dic 70 254 55. La Habana 3 Ene 74 &5
10. Buenos Aires 4 Jun 70 253 56. Bogota & Feb 72 65
Il. Cordoba 2 May Tl 247 57, Sao Pauls 11 Set 73 83
12, Santiage I Jun 67 242 58, La Habana 5 Nov 73 62
13. Mexico 2 Ene 72 241 59. Medellin 1 Set 73 62
14, Busnos Aires 2 May 68 230 60, Bogota 2 Cet 73 58
15. Rio de Janeiro 1 Jun 70¢ 224 €1, caii 1 Set 72 58
16, Mexico 1 Ene 73 222 62. Kingatem 1 Set 6% 54
17. Mexico 10 Ene 73 221 63, Porto Alegre 1 Jun 73 52
18, Mexico B Ene 72 2i9 64, Barranquilla 2 Feb 74 51
19. Santiago 2 Jul &8 209 65, Lima L Ago 67 48
20. Mexico 11 Dic 74 206 66, Bogota 5 Nov 73 47
21, San Salvador 1 Ene 72 193 67, Bucaramanga 1 Die 72 47
22, Cordoba 1 Jul 71 135 68, Mendoza 2 Jul 73 46
23, La Habana 1 Set 73 169 69, Cali 2 Oct 71 44
4. Mexico 14 Ene 73 169 70, Cearacas 7 Abr 73 43
5, Rosario 1 Ser 71 167 71, Cali 3 Set 74 4l
26. Mexico 12 Dic 12 158 72. Caracas & DMe 71 41
27. HMexico 4 Dic 72 154 73, Barranquilla 3 Ago 73 _“23 LG
28. Mexico 7 Ene 69 151 74. Caracss 8 Dic 74 38
29, Buenos Aires 23 Jun 72 15¢ 75, Caracas 5 Mar 73 35
30. S5do0 Paule 7 Jul 73 159 76, Caracas 3} Set 73 34
31, Buenos Aires 3 Ago 69 144 77. Lima 3 Age 72 a3
32, Sac Paulo 2 Jun 73 142 78, Carscas 6 Nowv 7% a2z
33, Montevideo 1 Ago 69 1315 79, Caracas 2 Oct 73 31
34. Mexico 5 Dic 74 125 8¢, Lima & May 73 29.
35%. Mexico 9 Ene 73 125 81. La Rabana 11 Oct 74 27
36. Bogota 1 Ene 69 123 82, Sao Paulo B Set 13 26
37. Mexico 13 Ene 73 122 83, Lima 2 Feb T4 25
38. Sio Paule 10 Set 73 120 84, Maracaibo 1 Mar 74 24
39. Caracas 1 May 72 118 85. Santiagode Quba 1 Jun 74 24
40, Buenos Adres 22 Jul 71 il6 86, Bogota & Mar 72 23
41, Medellin 2 Abr 74 115 87, Cartagena @ Ago 73 23
42. SEo Paulp 4 Jun 73 104 BB, Cali 4 Set 74 23
43, San Jose 1 Dic 73 102 8%, Holguin 1 OQet 74 22
44, Bogota 3 Age T4 102 90, Barranquilla 1 Cct 74 14
45. Sic Paulo b set 73 o Bl 91, Maracaibo 7 Mar 74 14
46, Medellin 3 Nov 73 90 92, Santiagode Cuba? Nov 74 9



(47.82) have maximum values over the one suggested as a basis of comparison,
but 73 (79.3%) are over the L.T.G. Twenty-eight stations (30.4%), on the
other hand, had all their monthly averages below one haif the Reference
Level, situation that authorities should try to maintain.

In Table 11 the stations are presented in decreasing order of the
maximum daily value observed at each one, showing again the month when this
maximum value occurred. Figures are now much higher, a situation masked
partially by calculating averages. The maximum value obtained in the whole
Network was 978 ug/m3, reported by Mexico 3 for January 1371. All fourteen
statlons In Mexico City are among the highest 29 values observed, and at all
of them the maximum value was practically equal or much higher than four
times the Reference Level. Similar figures are also found at some stations
in Havana, Sao Paulo, Buenos Aires, Mendoza, Bogota, Santiago, San Salvador,
Rio de Janeiro and Cordoba. A total of 75 stations (81.5%3) collected values
equal to or above the Reference Level, at some time during their period of
operation, and only 17 stations (18.5%) had all their results below 100 ng/m3.
If a comparison is made with the value recommended by WHO as the tong-Term
Goal, 40 ug/m3, only one station (1.1%), Santiago de Cuba 2, which has
collected samples during only two months, would have all its results below
this figure.

in Table 12 results are analyzed by calculating the percentage of
total samples exceeding the Reference Level. Upon arranging the stations
in decreasing order of this percentage, San Salvador 2 and Mendoza 9 appear
in first place, both with more than 99% of all the daily samples above the
REDPANAIRE Reference Level. Most of the stations in Mexico City, Buenos
Aires, Sao Paulo and Santiago show very high percentages of samples exceed-
ing the basis of comparison. At 33 stations (35.9%) 1% or less of the
results are above the Reference Level. Of these, 18 {19.6%) show satisfac-
tory results in 100% of the cases. This situation will change substantially
if compared with the WHO Long-Term Goal.

fn Table 13 all samples collected in each of the 28 cities which
submitted results for suspended dust during the period included in this
report have been grouped. In seven of them {25%) - San Salvador, Rosario,
Buenos Aires, Montevideo, Sao Paulo, Havana and Mexico City - over one third
of all samples exceeds the Reference Level. (n only 10 cities (35.7%) this
excess is found in less than 1% of the samples. In five of them (17.9%) -
Lima, Bucaramanga, Santiago de Cuba, Holguin and Maracaibo - all samples
were below the Reference Level.

As mentioned previously, these average values can be considered
statistically significant when they include analysis of a large number of
samples, as is the case with Mexico City where, during the period in question,
a total of 21 853 samples from 14 stations have been collected. Figures for
cities like Curitiba, Rosaric, Cartagena, Holguin and Maracaibo, with only
a relatively small number of results, should be considered strictly as
preliminary estimates.
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Table 11

REDPANAIRE - SUSPENDED DUST {1967 - 1974)
Network stations in decrsasing order of the maximum daily value obtained in each

station, with indication of the month when this maximum value occurred (ugfm’)

Station Month M‘“:Su:nly Station Menth Haxx::l;u:nly

1.- Mexico 3 Ene 71 978 47, Rosario 1 Ot 71 250
2. Mexico 1 Ene 73 957 48, 830 Paulo § Jul 73 243
3. La Habana 2 Nov 74 931 49. Sao Paulo 3 Jun 73 236
4. Mexico & Dic 72 388 50. Cuatemala 1 May 74 236
5. Sdo Paulo 1 Jun 72 837 51. Curitiba 1 Jul 74 228
6. Buenos Aires 1 Jun 72 860 52. La Habana 11 Nov 74 224
7. La Habana 6 Get 73 833 53. S$do Paulo 6 Jun 73 219
8. Mexico 11 Ene 13 834 S4. Bogota 1 Nov 68 12
9. Buenoas Aires 3 Ago 69 814 $5. Sao Paulo 10 Ago 73 187
10, Mexico 4 Ene 73 791 56. Sao Paulo 11 Ago 73 186
11, Hexico 10 Fne 73 780 57, Caracas 1 Dic 71 186
12, Mexico 7 Ene 71 755 58. Bogota 2 ic 73 185
11, Mexico 14 Ene 73 735 59, Carscas B Set 72 185
14, Mexico 9 Dic 72 734 60, Medellin i Ago T4 180
15. La Habana 1 Set 73 646 6l., Sac Paulo 9 Ago 73 166
16. Mendoza 9 Oct 73 621 62, La Pazl Jun 73 157
17. Mexico 8 Ene 73 600 63, Cartagena 1 Ago 73 142
1B, Mexico 2 Dic 74 598 64, Mendoza 1 Jul 71 136
19. HMexico 13 Dic 72 373 65. Caracas & 2ae 73 112
20. DBuenca Aires 2 Feb 68 552 66. Madellin & Dic 74 125
2l. Buenos Aires & Jun 70 489 67. Kingston 1 Feb 69 124
22. Bogota 3 Set 74 469 68. Bogota 5 Ago T4 120
23, Santiago 1 Jul 73 466 69, Cali l et T4 118
24, San Salvador 2 Ago 73 457 70. Barranquilla 3 Kov 73 115
25, Rlo de Jfaneiro 1 Ene 69 436 71. Sao Paulo 8 Ago 73 114
26. Cordoba 1 Jun 69 405 72. Caracas & Mar 73 111
27. Buenos Aires 23  Ago 72 400 73. Mendoza 2 Jun 72 110
28, Mexico 12 Dic 73 396 4. Cali 2 Age 74 100
29, Mexjeo 5 Set 74 395 75. Lima 3 Fab 13 100 -— R,L,
30. Ssan Salvador 1 Mar 72 76 76. Bucarssanga 1 e 72 95
31. Santiago 2 Ago 67 375 77, Catacas 3 Gct 71 92
32, La Habana 3 Ene 74 313 78, Lima 1 Yeb 74 %0
33. Montevideo 2 Jun 74 54 79, Ccali 3 Set 71 L]
34. Bogota &4 Peb 72 347 80. Caracas 7 Mar 73 82
35. Porto Alegre 1 Ago 713 335 Bl. Caracas 2 oct 4 77
36. Buenos Aires 22 Jul 71 320 82. Holguis 1 Oct 74 3
37. Cordoba 2 May 71 320 83. Lima & bic 73 70
38. Sdo Paulo 7 Jum 73 309 84. Bogota & Abr 73 69
39. La Habana 5 Nov 73 305 85. Caracas 5 Mar 73 68
4G, Séo Paulo 2 Jun 73 301 86, SentisgodeCubal Agoe 74 59
41, Sdo Paulo 4 Jun 73 295 B7. Lima 2 Feb T4 55
42. Montevideo 1 Jul 70 287 B8. Cali 4 Jun 74 54
43, Medellin 3 May 74 284 89. Maracaibo 2 Mar T4 51
44, San Jose 1 Dic 73 269 90, Barranguilia 1 Feb 74 41
45, PBarramquilla 2 Set 73 252 91, Maracaibo 1 Mar 74 _-_f} LTC
46. Medeilin 2 Set T4 252 92. Santiagode Cuka2 Dic 74 a5
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Table 12

BEPPANAIRE - SUSPENDED DUST (1967 - 1974)
Network stations im decreasing order of the percentage of total samples exceeding
the proposed Reference Level of 10{ ualna

22

No. of > 100 No. of > 100
Station daily N T Stacion daily L
vamplas samplea
1.  ‘Ban Selvador 2 J:{ 30 9.4 48, Bogota 1 2310 176 1.6
2. Mepdoza % 242 240 99.2 49. Guatemala 1 520 38 1.3
3. Momtevideo 2 &34 I 87.9 56, Sao Paulo 9 172 12 1.0
4. Buemoa Aires 2 456 3 73.4 51. La Habana 5 409 26 6.4
3. Maxico & 1043 1376 74.6 52. La BHabana 6 434 14 kI
6. Muanos Aires 1 1272 1278 1. 53. San Jose 1 835 24 2.9
7. Sao Paulo L L74Y9 1206 6%.0 54. La Habapa 3 414 1l 2.7
8. La Habans 2 12715 421 64,4 35. La Habapa 11 175 & 2.3
9. Maxico 3 2202 1354 61.5 56. Madellin } 975 15 1.5
10. Rosario 1 186 112 60.2 37. Porto Alegre 1 1549 17 1.1
11. La #abana i 1707 962 56,4 58. Bogots 4 946 10 1.1
1. Sdo Paulo 7 138 133 55.9 59. Madellin 4 as1 9 1.1
13. San Sslvador 1 1011 489 8.4 60. DBarranquilis 2 70 ] 1.0
14, Sho Paulo 2 353 168 47.6 61. Mendoza 1 199 2 1.0
15, Mexico 1 1326 1056 43.4 62, Bio Paulo 8 179 1 0.6
16. Buados Aires § n2 1] 44,1 63, Bogota 5 932 5 0.5
7. Mexico 2 2137 23 38.5 64. La Paz 1 857 3 0.4
18, Mexico 10 1365 495 3.3 65, Bogots 2 17 3 0.4
1%. Mexico 11 1083 3% 3%.0 66. Mendora 2 530 2 0.4
20. Maxico 12 437 154 3.2 §7. Kingston 1 471 2 0.4
21. 8do Paulo 10 171 60 B.1 68, Cartagena 1 230 1 0.4
22. Maxico 8 1780 537 a3 69, Cali 2 23 1 0.3
23. Maxico 7 1821 556 0.3 70, Calil 298 1 0.3
24, Bantiago 1 2310 677 29.3 7l. Carsces & 1249 3 0.2
25. Santiage 2 845 243 8.8 72. Barramquilla 3 534 1 0.2
26. Moutevideo 1 997 280 8.1 73. Caracas 8 438 i 0.2
7. Rio de Janairo 1 1326 364 7.5 74. Carscas 6 696 1 0.1
28, Mexico 14 466 125 26.8 75. Lima 1l 1968 o 0.0
29. Busnow Aires 23 660 147 22.3 16, Carsacas 3 1714 i} 0.0
3. Mexico & 2192 463 21.1 77. Caracas 2 1683 0 0.0
Jl. Siéo Paulo & 232 53 21.0 78, Bucaramanga 1 903 o 0.0
32, S5a&0 Paulo 6 169 3] 19.5 79. Caracas § 896 0 0.0
33. Buencs Aires 22 228 41 i8.9 80, Bogota 6 867 [4] 0.0
4. Medellin 2 845 149 16.8 81. Limm 2 853 0 0.0
35. Bogota 3 195 a 15.9 82. Lima 4 822 0 0.0
36. Caracas 1 1718 260 15.1 §3. Lima 3 779 0 0.0
37. Curitiba 1 142 21 14.8 84. Barranquilla 1 602 o e.0
38, Sao Paylo § 257 35 13.6 85, Catacas 7 571 L] 0.0
¥. Cordoba 1 951 126 13,3 86. Santimgo de Cuba 1 a5 0 0.0
40. Cordoba 2 675 81 12.0 87. cali 3 300 ] 0.0
41. Mexico 13 469 56 11.9 88. Holguin 1 231 0 0.0
42. Mexico 5 2138 230 10.8 89. cCali & 173 0 0.0
43. Medellin 3 948 9% 9.9 90. Maracaibo 1 110 0 0.0
44. Buenos Aires 3 258 25 9.7 91. Maracaibo 2 108 0 0.0
45, Mexico 9 1592 148 9.2 92. Santiago de Cuba 2 38 _0.0
46, Sko Pauls 3 325 29 8.9 76 343 17 518 22,9
47, 380 Paulo 11 175 14 8.0



Table 13

REDPANAIRE ~ SUSPENDED DUST (1967 - 1974)
Cities included in the Network in decreasing order of the percentage of all

daily samples exceeding the proposed Reference Level of 100 pg /e’

Stations Total daily Samples
City in cicey sanples exceeding z
100 ug/m?

1. San Salvador 2 1 353 829 61.3

2. Roearic 1 186 112 60.2

3. Buenos Aires 6 3 576 1 924 53.8

4. Montevideo 2 1 451 679 46.8

5. Sdo Paulo 11 & D40 1 744 43.2

6. Havana [} 4 414 1 838 4l.6

7. Mexico City 14 21 853 7 183 35.6

8. Santiago 2 3 155 920 29.2

9. Rio de Janeiro 1 1 326 64 27.5

10. Mendoza 3 9 244 25.1
11. Curitiba 1 142 21 14,8
12, Cordoba 2 1 626 07 12,7
13, Guatemala 1 520 38 7.3
14, Medellin 4 3 659 267 7.3
15, Bogota 6 6 027 225 3.7
16. Caracas 8 B 965 265 3.0
17. San Jose 1 8135 24 2.9
18. Porto Alegre 1 1 549 17 1.1
19. Barranquilla 3 1 906 9 0.5
20. Cartagena 1 230 1 0.4
21. Kinggton 1 471 2 0.4
22. La Paz 1 857 k) 0.4
23, Cali & 1 094 2 0.2
24, Lima &4 4 422 s} 0.0
25. Bucaramanga 1 903 0 0.0
26, Santiago de Cubha 2 363 1] 0.0
27. Holguin 1 231 1 0.0
28, Maracaibo 2 218 0 0.0
92 76 343 17 518 229
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it. SULFUR DIOXIDE

The analysis of the findings of the 93 REDPANAIRE stations that
submitted results for this pollutant during the period included in this
report starts with Table 14, in which they are presented in decreasing
order of the general arithmetic mean of the monthly averages of the measured
concentrations. Twenty-four stations (25%) reached general averages over
70 ug/ms. value proposed as the Reference Level. If the comparison is made
with the WHO Long-Term Goal, 60 ug/m3, three additional stations will be
above this figure, increasing the total te 27 (29.0%). Of these, nine
operate in $Sac Paulo and 12 in Mexico City. 0f the remaining six, two are
tocated in Santiago and one each in Montevideo, Havana, Caracas, and
Cordoba. Only two stations of a total of 11 in Sao Paulo, and two out of
14 in Mexico City, show general averages below these figures. The highest
value is found in Sao Paulo and the second highest in Mexico City. Of
seven stations with over twice the WHO Long-Term Goal, two are located in
Sac Paulo and five in Mexico City. This seems to justify the priority that
the respective authorities are giving to the development of preventive and
control programs.

In Table 15 stations are grouped in decreasing order of the highest
monthly average obtained at each station. This average was higher than the
Reference Level for at least one month at 39 stations (41.92). This figure
reaches 43 (46.2%) if the WHO Long-Term Goal is used. The highest monthly
average was found at Sao Paulo 11 and occurred in October 1973. The next
four were reported by stations in Mexico City. On the other hand, at 36
stations (38.7%) all the monthly averages were less than one half the
Reference Level, situation that should be considered satisfactory, although
in some cases measurements have been made during very short periods, and
therefore the results should be considered as only preliminary.

The maximum daily values obtained are very high. As can be seen in
Table 16, at 59 stations (63.4%) concentrations equal to or above the
Reference Level were found. This number increases to 66 {71%)} if comparison
is made with the WHO Long-Term Goal. The highest concentration in the whole
Network occurred at Mexico 1 in June 1973 with 962 ug/m?, almost 14 times
the Reference Level. At 42 stations (45.2%) maximum values over twice the
basis of comparison were found, and at 26 of these {28%) the maximum daily
value was equal to or higher than five times the Reference Level. At the
other end of the table, only 16 stations (17.2%} show all their daily
concentrations below one half of the Reference Level. At a total of 34
stations (36.6%) all figures obtained were below the Reference Level,
situation that should be considered satfisfactory. If the comparison is made
with the WHO Long-Term Goal, the number of stations in these conditions is
reduced to 27 (29.0%).

in Table 17 the Network stations are arranged in decreasing order of
the percentage of total samples exceeding 70 ug/m?, the basis of comparison.
At 19 stations (20.4%) over 50% of all analyses gave resuits higher than
the Reference Level. Of these, seven are located in Mexico City, nine in
Sao Paulo, and the other three in Caracas, Montevideo, and Havana. Forty~
four stations (47.3%) have less than 1% of the total measurements below the
Reference Level.
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Table 14

REDPANAIRE - SULFUR DIOXIDE (1967 - 1974)
Network stations in decreasing order of the arithmetic mean of

monthly average concentrations (ug/m®}

General No. of General No. of
Station mean monthly Station mean monthly
averages averages
1.  Sao Pauilo 1l 246,3 1 {+] 48. La Habana 3 24,7 1%
2, Mexico 10 142,12 51 49, DBogota 5 23.0 32
3.  Mexico 3 137.8 8 50. Calil 20.2 23
4. Mexico 11 136.7 3 51, San Salvador 2 19.8 18
5. Mexico 12 135,0 16 52, Buenos Aires 3 19,7 10
6. Mexico 1 134.1 80 53. San Joss 1 15.9 Kt
7. S#i¢ Paulo 7 130.0 10 54. Caracas 2 15.2 a2
8, Sdo Paulo 2 108,8 12 55. Carscas & 15.2 47
9. Montevideo 2 107.9 13 56. La Habana 5 13.0 18
10,  Séc Paulo 10 1064.2 10 57. Cordoba 1 14.7 40
11. Sdc Paulo 6 103.3 10 58, Mendoza 2 14,3 »
12, Mexico 6 96.9 65 59, Cartagena 1 13.9 4
13, La Habapa 1 90,8 58 60, Caracas 1 13.6 64
14, Mexico 9 90,7 56 6l. Busnos Aires 22 12.0 8
15, S#o Paulo 1 86.0 67 62, San Salvador 1 11.6 46
16. Caracas 3 80.5 67 63. Caracas 6 11.3 7
17. Séo Paulo 4 79.7 11 64, Cali 3 11.3 23
18.  Siéic Paule 9 7.7 10 65. La Habana 11 11.3 7
19. Santiago 1 77.6 a2 66, Sko Paulo 8 11.2 10
20.  Mexico & 76.1 62 67.  Buenos Alres & 11.2 B
21, Mexico 7 4.7 64 68,  S&o Paulo 3 10,9 11
22,  Mexico 5 73.3 75 69. Kingston 1 10.4 22
23,  Mexico 13 73.2 17 70, Caracam 3 10.3 38
24, Cordoba 2 __IE:E R L, 24 71. Caracas 7 10.0 22
25. Santiago 2 69.0 3l 72, Guatemals 1 5.0 17
26. Séc Paulo 5 60,6 11 73, Caracas 8 8.9 16
27.  Mexico 2 _-Egll L.T.G.rs 74, Holguin 1 4.6 9
28. Mexico 4 58.0 77 75, Lima 1l 7.5 &6
29. Rosario 1 50.3 5 76. Bogota 6 7.5 30
30.  Mexico 14 50.1 17 77.  Curitiba 1 7.0 5
31. Bogota 3 49.7 7 78, Maracaibo 2 6.2 5
32. Rio de Janeiro 1 49,6 86 79. Lima 2 6.1
33,  Buenos Aires 23 49.0 24 80, Mendoza 9 5.0 12
34.  Buenos Aires 1 42.3 71 81, Lima 3 .9 k)
35. Porto Alegre 1 40.7 52 8z, Cali 2 .7 24
36. Montevideo 1 39.2 36 83,  Bucaramanga 1 4.3 40
37.  HMedellin 3 38.2° 18 B84.  Barranquills 2 4.1 25
38. La Habana 2 36,2 48 85. Cali & 4.1 13
39, Medellin 2 4.6 35 86, Maracaibo 1 3.7 5
40. Bogota 1 29.5 81 87. Mendoza 1 2.8 2
41. La Habana & 29.4 19 B8, Lima & 2.6 19
42. Medellin 4 28.7 34 89, Santisgo de Cubs 2 2,2 2
43,  Belo Horizonre 1 28,1 29 90, Barranquilla 1 1,7 2
44, Medellin 1 26.6 37 91. Santiago de Cuba 1 1.1 11
45. Bogota 4 26.6 iz 92. LaParl 1.0 29
46.  Buencs Aires 2 26.6 18 93. Barranquilla 3 6.7 13
47.  Bogota 2 25.2 28
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Table 15

REDFANAIRE - SULFUR DIGKIDE (1967 = 1974)
Network stations in decreasing order of the maximum monthly average obtained at

each station, with indicationm of the month this maximum average cccurred (ug;’mi)

Maximum monthly Maximum monthly
Station Month average Sration Month average

1. Sdo Paulo 11 Qct 73 359 48. Cordeba 1 Oct 74 47
2. Mexico L0 Set 71 289 49. Medellin 3 Jun 74 47
3. Mexico 11 Nov 74 244 50. Medellin 2 Ene 72 45
4. Mexico 3 Dic 70 242 51, Bogota 5 Feb 72 45
5. HMexiro 1 May 71 237 52. Lla Habana 3 Dic 73 43
6. Santiago 1 Jun 67 233 53. Medellin 1 Ene 72 42
7. Cordoba 2 Ene 73 230 54, La Habana 5 Dic 73 41
8., Sao Paule 1 Jun 72 23 $5. Cali l Oct 71 41
9, Caracas 3 Hay 70 207 56. Caracas & Jun 71 39
10, 1a Habana ) Abr 74 179 57, CGCaracas § Ago 72 35
11. Sao Paulo 7 Jun 73 178 58, Caracas 2 May 70 34
12. Mexico 6 May 71 174 59, Mendoza 2 Nov 71 33
13, Santiago 2 Jul &7 173 60, Lima 1 Mar 71 31
14. Mexico 12 Jun 73 169 6], Buenos Alres 3 Set 69 3
15, Montevideo 2 Ene 74 158 62, S5an Salvader Z Dic 74 29
16, Sdo Paulo 3 Jun 73 156 63, Caracas 1 Jun 68 24
17. Mexico 8 Feb 72 155 64, Buenos Aires & Feb 71 23
18. Sdo Paulo 2 Jul 73 134 65. Buenos Aires 22 Nov 71 23
19, Mexico 9 Ene 72 144 66, Caracas 8 Set 72 12
20. Mexico % May 71 138 67, Cali 2 Wov 72 22
21, Buenos Ajres 1 det 71 134 68, Guatemala 1 Matr 73 21
2. Sao Paule 10 Oer 73 132 69, Cartagena 1 Der 73 2l
23, BSdo Paulo 6 Set 73 130 70, Kingston 1 Ene 68 21
24, Rio de Janeire 1 Jun 72 127 71, San Salvador 1 Feb 73 1%
25, Mexico 7 May 71 124 72, Caracas 5 Set 72 19
26, Mexico 2 Hov 71 115 73, Cali 3 Oct 72 18
27. Mexico &4 Abr 71 111 74, Lima 2 Abr T4 18
28, 1a Habana 2 Abr 73 104 75, Mendorza ¢ Ene 73 18
9. Rosario 1 Dic 71 103 76, Bogota 6 Feb 73 17
30, Mexigo 13 May 74 103 77. Caracas 7 Abr 73 16
31. Hontevideo 1 Jul 10 102 76, La Habama 11 Dic T4 16
32, Sao Paulo 4 Age 72 98 79, Sac Paulo 8 Jun 73 16
33, Siao Paulo 9 Set 73 94 80, Bucaramanga 1 Ago T4 13
34, Barranquilla 2 Jul 73 920 81, Holguiw 1 Dic 74 12
35, La Habuna 6 Oce 73 86 82. Lima 3 Abr 73 11
36, Mexico 14 May T& a3 83; Curitiba 1 Jul 74 11
37, Buence Alras 23  Oct 73 EL ] 84, Cali & Set 72 10
38, Porto Alegre 1 Abr 11 17 85, Maracaibo 2 Nov 73 8
39, Sao Paule § Jun 73 ] 86, Lima 4 Feb 72 8
40. Buenos Aires 2 Jul 68 L1 Bake 87. Maracaibe 1 Feb 74 7
41. Bogota 1 Nov 67 65 88, Barrenquilla 1 Ene 72 5
42. Bogota 4 Yeb 72 65 89, Mendoza 1 Oct 70 4
43. Bogota 3 Ago 74 ___52 L.T.G. 90, Santisgode Cubal Mar 74 4
44, Belo Horizonte 1 Ago 73 57 91, SantisgodeCuba? Dic 74 3
45, San Jose 1 Qce 73 56 92, Barranquilla 3 Ene 73 3
46, Medellin 4 ric 71 52 93, La Paz 1 Set 73 2
47. Bogota 2 Jun 73 41
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atation, with indication of the month this waximm value occurred (ug/m}

Table 16

REDPANAIRE - SULFUR DIOXIDE {1967 - 1974)
Hetwork atations in decresasiong order of the maximm daily value obtained at sach

Maximum daily

Maximm daily

Station Manth value Station Month value
1, Mexico 1 Jum 73 962 47. Cali 2 Wovw 72 118
2. Mexico 10 Ene 71 859 48. Bogota 3 Set 74 111
3. Mexico 3 Nov 69 B2 49. Buasnce Aives 2 Jul &8 111
4. Sao Paulo 11 Nov 73 a2 50, Cali l Oct 12 110
5. Mexico 8 Way 73 72 51. Medallin 2 May 72 104
6. Mexico 12 Jul 72 673 52. La Bebsma 11 Dic 74 102
7. Mexico 11 Abr 73 626 53. Cordoba 1 Wov 69 100
8. La Habmna 1 May 73 611 54. MBogota & Fab 72 100
9. Montevideo 2 May 74 579 55. Bogota § Jul 73 99
10, La Habana 2 Nov T4 561 56. San Sslwador 1 Ago 72 91
I1, Mexico 6 Hov 72 321 57. Bogota l e 67 Bs
12. Caracas 3 Ago 10 307 58. Buenos Aires 3 Abr 70 80
13. Santiago 1 Ago 68 472 59. Caracas 2 Jul 11 70 ~— R.L.
14, Sdo Paulo 1 Jun 72 472 60, Caracas & Jul 71 67
15. Mexico 5 Oct 71 487 61. Cali 3 Sat 72 66
16. Buenos Aires 1 Nov 72 460 62, Bogota 2 Dic 73 63
17. Montevideo 1 Ago 69 449 63. Caracas 6 Ser 72 62
18. Sido Paulo 3 Set 73 437 64, Lima 1l Dic &7 62
19, Mexico 9 Ene 71 4086 65. Mandoza 2 Mov 71 81
20. Cordoba 2 Ene 73 399 66.  Bogota 6 Abr 13 60 .- L.T.G.
21. Mexico 2 Jul 71 83 67. Guatemala 1’ Abr 73 s8
22, Potto Alegre 1 Nov 71 370 68, Caracas 1 Jun 73 55
23. S&o Paulo 2 Jun 73 368 69. Kingston 1 Ene 68 54
24. Mexico 13 Peb 73 358 70. Cartagena 1 Oct 73 51
25, La Habana 6 Ago 73 354 71. Buancs Aires & Jum 70 50
6. Mexico 7 May 74 350 72. Carscas 8 Set 73 49
27. s&a Paulo 7 Ago 73 339 73, Busnos Airea 22 Abr 71 46
28. Santiago 2 Ago 67 329 T4, Mendosza 9 Ago 73 43
29. Mexico 14 May T4 308 75. Cali & Jul 74 42
30. Mexico 4 Abr 71 302 76, San Salvador 2 Nov 74 L}
31, Sao Paulo LO Oct 13 291 77, Caracas § Hov 71 »
32. La Habana 3 Dic 73 290 78. Lima 2 Abr 74 3%
33. Barranquilla 2 Jul 73 271 79. Sao Paulo 8 Jul 73 3
34. Sao Paulo 6 Ago 73 245 80. Caracas 7 Abr 73 3l
35. Rosario 1 Diec 71 225 Bl. Bucaramanga 1 May 74 28
36. Ro de Janeiro 1 Ago 72 224 82, Curitiba 1 Jul 73 26
37, La Habana 5 Dic 73 223 83. Barranquilla 1 Eae 72 25
38. Sac Psulo 4 Ago 73 217 B4. Lima 3 Feb 72 25
39, Buenos Aires 23 Oct 73 184 85. Limm & Bae 72 23
40. Sdo Paulo 9 Dic 73 175 86. Bolguin 1 pic 74 23
41. S&c Paulo 5 Ago 73 166 87, Sentiegode Cubal Mar 74 23
42, Madellin 3 May 72 154 88. Mendoza 1 Oct 70 15
43. Belo Horizonte 1 Ago 73 131 89. Maracaibo 1 Hov 73 12
44, San Jose @ oct 73 128 90. Maracaido 2 bic 73 13
45, Medellin i Ene 72 126 91, Setiagode Cuba? Dic 74 10
46. Medellin 4 ic 71 123 92. Barranquilla 3 Ene 74 9
93, Ia Paz 1l Set 73 [
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Table 17

REDPANAIRE - SULFUR DIOXIDE (1967 - 1974)

Network stationa in decreasing order of the percentage of daily samples exceeding

the propomed Reference Level of 70 ug/a’®

No. of » 70 No. of 0
Station daily N 1 Station daily n* z

samples sdisplas
1. Mexico 1¥ 434 396 91.2 48. HMadeilin & B64 10 1.2
2, Mexico 3 2198 1950 88.7 49. Bogota 4 928 10 1.1
3. Mexico 11 1084 952 47.8 50, Bogota 5 910 7 0.8
4. Sio Pauls 11 160 140 87.5 51. Barranquills 2 14% 1 0.7
5. SiEo Paulo 7 238 205 86.1 52. La Habsrma 11 177 1 0.6
6. Mexico 10 1338 1187 a5.5 53, HMedellin 1 1000 5 0.5
7. Mexico 1 2346 1921 a1.9 54, Bogota 1 2308 11 0.5
8. 5o Paulo 6 171 140 81.9 55. cCali 2 228 1 0.4
9. Sio Paulo 3 325 153 8.5 56. Busnoa Aires 3 250 1 0.4
10. Sae Paulo 10 169 131 71.5 57. Cordobs 1 .12 2 0.2
11. S&o Paulo 2 353 60 73.7 58. Caracas 2 1615 1 0.1
12, Mexico 6 1849 1262 68.3 59. Caracas 1 1674 0 0.0
13. Mexico 9 1809 996 61.9 60, Lima 1 1569 0 0.0
Ll4. Sao Paulo 4 241 148 50.6 6l. Caracas 4 1199 0 0.0
15, Sao Paulo 9 173 9 57.2 62. San Salvader 1 999 L] 0.0
16, Sido Paule ] 1875 1071 57.1 63. Bucarsmengs 1l 810 1] 0.0
17. Caracas 3} 1757 984 56.0 64. Caracas 5 L1 ) 1] 0.0
18. Montevidec 2 293 163 55.6 65. Bogota & 453 L] 0.0
19. La Habana 1 1716 926 54.0 66, La Paz 1 846 0 0.0
20, Mexico 7 1815 874 48.2 67, Dogota 2 745 4] 0.0
21. Mexico 8 1781 840 41,2 68, Lims 2 703 0 0.0
22, Santiago 1 2269 1053 46.4 6%, Caracas & 695 1} 0.0
23. Maxico § 2127 973 45.7 70. Lima 3 636 [} 0.0
24, HMexico 3 462 197 42,6 71. Caracas 7 567 0 0.0
25, Santiago 2 B48 318 37.5 12, Mandoza 2 524 0 0.0
26, Cordoba 2 660 232 35.2 73. Guatemala 1 477 o 0.0
27. Sdo Paule 5 257 B& 33.5 74, Barranquilla 1 25 0 0.0
28. Mexico 2 2065 637 3.8 75. ESan Salvador 2 AZ4 4] 6.0
29. Rosario 1 98 30 30.6 76, Caracas 8 298 0 0.0
30, Mexico & 2170 622 28.7 77. Cali 3 288 o 0.0
31l. Rio de Janeiro 1 1348 116 20.5 78. Santiago de Cuba 1 261 o 0.0
32, Buenos Ajres 1 1783 06 16,8 7%. Kingston 1 250 ] 0.0
33, Buenos Aires 23 632 107 16.4 80. Holguin 1 231 o 0.0
34. Bogota 3 195 o 15.4 81. Buenos Aires 22 226 L] 0.0
35. Mexico 14 549 (1] 14.3 82, Mendozs 9 1719 4] 0.0
36. La Habang 2 1274 161 12,6 83. Sdo Paulo 8 169 ¢ 9.0
37. Montevideo 1 518 114 12,4 84, Lims & 158 o 0.0
38, Porto Alegre 1 1546 157 16,2 85. Cali & 142 ] 0.0
39. La Habana & 435 a5 8.0 86. Busnos Aires 4 140 0 0.0
40, Buenos Aires 2 446 27 6.1 87. Curitiba 1 137 0 0.0
41. La Babana 3 415 15 3.6 88. Maracaibo 2 104 0 0.0
42, Medellin 2 911 22 2.4 89, Barranquillas 3 a0 0 0.0
43. Calil 282 2.1 90. Maracaibo 1 10 0 0.0
4%. La Habana 5 390 8 2,1 91, Mendoza 1 22 o] 0.0
45, Belo Horizonte 1 T49 15 2.0 92, Cartagens 1 21 0 0.0
46, San Jose 1 953 18 1.9 93, Santiago de Cuba 2 20 0 0.0
47. Medellin 3 970 14 L.4 7Z 825 20 485 28.2
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Table 18 very clearly dividcs the cities into two groups, according
te the total samples analyzed for each of them which exceed the figure
proposed as the Reference Level. Of the 29 cities that submitted results
during the period included in this report, 11 {37.9%) have over 102 of their
results above the Reference Level, while in the other 18 (62.1%) this value
was exceeded in only 2% or less of the cases. In 12 cities (41.4%) all
figures were below the basis of comparison, presenting an acceptable situation,
especially when it is the result of a large number of measurements, as is the
case with Lima, San Salvador, Bucaramanga, La Paz and Mendoza. The highest
values were found in Sao Paulo and Mexico City, with 61.3% and 59.2% of all
samples above the Reference Level. Santiago, Rosario and Havana follow in
decreasing order. It should be kept in wind, however, that there are only
98 samples for Rosario, too few for a clear definition of the situation in
that city. The case is very different for Mexico City, where 21 777 analyses
were made during this period, of which 12 891 exceeded the Reference Level.

12, GENERAL SITUATION IN EACH CITY

It is extremely difficult to establish a general comparison among the
different cities since there are no appropriate criteria to assign a
weighting factor to the relative toxicity, or what could be called the
"damage potential'' of each one of the three pollutants measured by REDPANAIRE,
In an attempt at a comparison, of controversial validity, in Table 19 cities
are presented in decreasing order of the percentage of all samples taken in
each one of them exceeding the values proposed as Reference Levels. It
should be stressed that this general comparison should be regarded only as
an approximation since the specific characteristics of each city are very
variable, as are the number of stations and the length of the sampl ing
period, data also included in the same table. However, when figures come
from several stations and include 24 or more months of sampling, they can
be considered as reasonably significant.

In five cities (17.2%) of the 29 included in this report, 1% or less
of the samples exceeded the Reference Levels, a situation that can be con-
sidered as acceptable. |In the other 24 (82.8%) over 1% of the samples, a
figure that in three of them approaches or exceeds 50%, were above these
levels. In eleven cities (37.9%) the percentage of samples in excess is
15% or more, while in the other 18 it is lower than 10%. Although the
situation can be considered serious in only two cities, these percentages
reveal potentially dangerous conditions which, as they are worsened by
demographic and industrial growth, will scon result in significant damages
to the health and economy of urban inhabitants unless needed prevention and
control measures are applied in time.

A short discussion of the situation in each city will follow.

12.1 Sao Paulo

5ao Paulo is in first place in Table 19, with 52.7% of all! samples
above the Reference Levels. Eleven stations are operating in the city and



Table 18

REDPANAIRE - SULFUR DIOXIDF

11%7=1974)

Cities included in the Network in decreasing order of the percentage of Aa:l

daily samples exceeding the proposed Reference Level of 70 ug/m?

Stationa Total daily Sateplea
City inecity sattpies eiceeding k1
70 ug/m?

1. Sdo Paulo L1 4 131 2533 61.3

2, Mexico City i 21 777 12 891 59.2

3. Santiago 2 3117 1 371 44.0

4. Rosario 1 98 30 30.6

5. Havana [} 4 407 1 146 26.0

6, Montevideo 2 1 211 277 22.9

7. Rio de Janeiro 1 1 348 276 20.5

8. Cordoba 2 1 526 234 15.1

9. Buenos Aires 6 3 497 435 12.4

10. Caracas 8 8 669 985 1.4
11, Porto Alegre 1 b 546 157 10.2
12, Belo Horizonte 1 749 15 2.0
13. San Jose 1 953 18 1.9
14, Medellin [ 31 745 51 1.4
15. Bogota 6 5 939 58 1.0
16. cali 4 940 7 0.7
17, Barranquilla 3 550 1 0.2
18. Lima 4 3 096 1} 0.0
19, San Salvador 2 1 322 0 0.0
20. Bucaramanga 1 8710 0 Q.0
21. La Paz 1 846 0 g.n
22, Mendoza 3 716 0 0.0
23. Guatemala 1 477 0 0.u
24. Santiago de Cuba 2 281 0 0.0
25. Kingaton 1 250 0 0.0
26. Holguin 1 231 i} Q.0
27. Maracaibo 2 174 0 0.0
28, Curitiba 1 137 0 0.0
29, Cartagena 1 21 0 0.9
_9-5 72 625 20 485 28.2
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Table 19
REDPANAIRE (1967 - 1974)
Cities included in the Network im decreasing order of the percentage of all samples

collected exceeding values suggested as Beference Levels

Stations Maximum No. Total samples Samples

City incity of montha collected exceeding 2
of sampling the R.L.

1, Sac Paulo I 66 8 237 4 343 52.7
2. Roeario 1 8 290 148 51.0
3. Mexico City 14 80 44 290 21 316 48,1
4. Montevideo 2 6 2 708 998 3.9
5. Santiago 2 82 6 331 2 328 36.8
6. Buenos Aires 6 72 7 174 2 454 34.2
7. Havana 6 58 8 987 3073 34.2
8. San Salvador 2 46 2 739 a75 31.9
9, Rio de Janeiro 1 86 2 760 687 24.9
10. Cordoba 2 41 3 2)2 500 15.6
11. Mendora 3 37 1 751 262 15.0
12, Curitiba 1 5 284 26 9,2
13, Caracas 8 67 17 960 1 447 B.1
14, Porto Alegre 1 52 3 147 226 7.2
15. Belo Horizonte 1 34 783 48 6.1
16. Medellin 4 38 7 523 434 5.8
17. Guatemala 1 18 1 014 55 5.4
18, Bogota 6 81 12 178 457 3.8
19. Barranquilla 3 30 2 528 82 3.2
20, San Jose 1 34 1 822 47 2.6
21, Cartagena 1 14 258 6 2.3
22, Cali [ 24 2 083 48 2.3
23. Bucaramanga 1 40 1 A1 27 1.5
24, La Paz 1 29 1 730 21 1.2
25, Kingstom 1 22 736 7 1.0
26. Holguin 1 9 471 3 0.6
27, Lima [ 68 7 688 40 0.5
28, Maracaibo 2 5 401 1 0.2
29. Santiago de Cuba 2 11 657 1 0.2

93 151 553 39 960  26.4
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reports have been received from them up to December 1973. Only station |
has collected samples during a sufficiently long period, a total of 66
months. The rest began operating Tn 1973 and have submitted data only for
that year. However, a total of 8 237 samples have been collected, of which
4 343 (52.7%) exceeded the Reference Levels. The highest monthly average
for suifur dioxide in the whole Network was found at Sao Paulo 11 in
October 1973, a concentration of 359 ug/ma, more than five times the Refer-
ence Level and six times the WHO Long-Term Goal. The maximum daily value
reported in the city reached 822 pg/m3, a concentration recognized as
potentiatly harmful to human health.l?

According to the above data, the city [s being affected by a serious
air pollution problem. State authorities are aware of this and have under-
taken a very vigorous program, without any doubt one of the best operating
in Latin America, which from the beginning has received technical assistance
from PAHO and financial assistance from the United Nations Development
Program (UNDP}. A continuous monitoring and evaluation program should
determine in the future if these control activities are producing sucessful
results, or if these efforts need to be increased even more.

12,2 Rosario

Fifty-one percent of the samples taken in this city exceeds the
Reference Levels, However, results have been received from only one station,
operating for eight months, with a total of 290 sampfes. Although these
values should be considered only as preliminary figures, the high concentra-
tions found justify the expansion of the evaluation program which, if it
confirms the previous results, will show the urgency of implementing efficient
prevention and control measures.

12.3  Mexico City

Fourteen REDPANAIRE stations have operated in Mexico City, some of
them for an 80-month perlod, collecting a total of 4% 290 samples - the
highest figure for the whole network - equivalent to 29.2% of all samples
included In this report. Of this total, 21 316 samples (48.1%) exceeded
the Reference Levels. This excess was very slzable in many cases: for
settled dust it was over 17 times the Reference Level; suspended dust
values showed monthly averages more than three times the Reference Level
and maximum daily values almost ten times this amount; for sulfur dioxide
the latter were more than 14 times greater than the basis for comparison.

This has led the Mexican Government to start one of the most important
programs, in terms of the amount of resources allocated to it, operating in
Latin America. The Under-Secretariat for Environmental Improvement (Sub-
secretar{a de Mejoramiento de! Ambiente) organized in 1972 as a special
agency of the Secretary for Health and Assistance {Secretaria de Salubridad
y Asistencia} has a staff of over 500, nearly 50% of them professionals,
and a budget that has allowed it to start impressive monitoring, prevention,
and control programs.ll A computerized automatic network of sampling
stations is being set up which will provide better, more precise and more
rapid information about conditions prevalent in the city. The Mexican
Environmental Protection Law is a model of its kind, and CEPIS has helped
to make it known in other countries of the continent.
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Al though the monitoring program in Mexico City is no longer using
REDPANAIRE equipment and techniques, CEPIS hopes to be able to continue’
collecting the information obtained and to include it in future reports of
the situation in Latin America and the Caribbean, Likewise, it is expected
that before long the energetic and extensive program of the Mexican Govern-
ment will begin to show the desired results, which should be reflected in
the reduction of pollutant concentrations in the atmosphere, with the
consequent benefits to the health and economy of its inhabitants.

12.4 Montevideo, Santiago, and Buenos Aires

The capitals of the three countries of the southern cone of America
present very similar conditions, in terms of the results obtained in the
analyses included in the present report. Over one third of all samples
exceeded the Reference Levels, with 36.9% for Montevideo, 36.8% for Santiago,
and 34.2% for Buenos Aires. This is probably a reflection of the relatively
high level of industrialization reached by the three countries and the fact
that climatic conditions in the three cities require household heating, and
make hot water systems and home incinerators more frequent, which contribute
in an important manner to higher pollutant concentrations., Figures obtained
generally show a clear seasonal change, with substantial increments during
the winter months,

Although Buenos Aires shows results from six stations, to date they
have only two sets of equipment. One of these was installed sequentially
in five different points of the city. Although this helps show the existing
situation in different zones, it makes it difficult to calculate trends or
to prove the existence of important changes. However the number of samples,
a total of 7 174, gives a certain validity to these results.

A similar situation prevails in Montevideo, where the same equipment
was operated in two different places. On the other hand, two stations have
been in use in Santiago, where the program is now being considerably
expanded. Meteorological and topographical conditions in this city are,
from the air pollution point of view, very unfavorable and contribute to
the magnitude of the problems.

Health authorities in the three countries, with PAHO support and
with that of the UNDP in Chile, are trying to develop control activities to
lower concentrations to more acceptable levels, However, various circum-
stances have kept sufficient resources from being allocated to these
activities until now.

12.5 Havana, Holguin, and Santiago de Cuba

Havana shows a situation similar to the three cities of the previous
group, with the same percentage of samples exceeding the Reference Levels
as Buenos Aires {34.2%). This figure should be considered as quite
significant since it includes the results of a total of 8 987 samples
collected at six stations. The demographic and industrial growth which
the city is experiencing will tend to make the situation more serious.
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The Ministry of Health of Cuba is developing quite an efficient
program of surveillance and monitoring, which is being constantly expanded
and will provide reasonably good knowiedge of the prevailing conditions, as
far as afr pollution is concerned, in all the major cities of the country
and those where, according to the governmental programs, greater industrial
and economic development is expected. A few data from Holguin and Santiago
de Cuba were received in time to be included in this report. They seem to
show that conditions are not a problem for the time being, with only 0.6%
and 0.2% of the total number of samples collected exceeding the Reference
Levels, Continuation and expansion of monitoring and surveillance activi-
ties should confirm or modify these preliminary conclusions, and help
decide the type of preventive activities to be implemented in both these
cities and in the others recently incorporated into the Cuban Government

program.

12.6  San Salvador, Guatemala, and San Jose

The three Central American capitals included in the REDPANAIRE show
very different situations, with a total of 31.9% of the samples in excess
of the Reference Levels in the case of San Salvador, decreasing to 5.4%
in Guatemala and 2.6% in San Jose. In the first city there are two
stations in operation while the others had only one station each as of the
closing date for this report.

San Salvador has a serious problem with relation to suspended dust.
Its sources should be determined in order to implement the needed corrective
and preventive steps, both to diminish present levels and te curb new
emissions. On the other hand, sulfur dioxide concentrations seem to be
very low and they are not, at present, a cause for concern. Guatemala and
San Jose should expand their monitoring and surveillance programs to see
if additional measurements confirm the preliminary conclusions obtained.

12,7 Rio de Janeiro

. Rio de Janeiro is implementing a fairly extensive measurement program,
which has received PAHO technical assistance and financial support from the
UNDP, and has also initiated prevention and control activities. Only the
measurements taken at the one REDPANAIRE station operating in this city are
included in the present report. However, one fourth of all the samples
collected, a total of 2 760 over 86 months, exceeded the Reference Levels.
This situation reflects the need for a prevention and control program such
as the one the city is striving to implement,

12,8 Cordoba -and Mendoza

These two Argentinian cittes are important centers of industrial
development. In both cases the REDPANAIRE stations in operation show that
15% of al) samples collected exceeded the Reference Levels, a situation
that indicates the urgency of implementing prevention and control programs.
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12.9 Curitiba, Porto Alegre, and Belo Horizonte

These three cities of Brazil present an intermediate situation, with
percentages of samples exceeding the Reference Levels - 6.1% to §.2% - that
cannot be considered satisfactory. To date, there is only one station in
each city. Samples have been collected during relatively long periods in
Porto Alegre and Belo Horizonte, but only for about five months in Curitiba;
therefore, results for the latter should be considered as preliminary. Monitor-
ing and surveillance programs should be expanded in all three cities to get
a good knowledge of the real prevalent conditions and to help determine the
most expedient prevention and control measures.

12.10 Caracas and Maracaibo

The eight stations in Caracas, four operated by the Sanitary Engineer-
ing Division of the Ministry of Health and Social Welfare, and the other four
by the Sanitary Engineering Department of the Universidad Central de Vene-
zuela, point in general to a reasonably good situation, although B.1% of
all samples exceeded the Reference Level. However, these high samples were
found mainly at two stations. Except for settled dust samples, with
relatively high results at all stations although lower than those in most
of the Network, only Caracas | shows an important percentage of samples
{15.1%) exceeding the Reference Level for suspended dust (Tabte 12). All
others show very low results., While at three of them the number of samples
in excess ranges from 0.1% to 0.2% of the total, at the other four all
samples are below the Reference Level. Even if results are compared with
the stricter WHO Long-Term Goals, only Caracas | shows a general average
over 40 u%/ms. A1l other stations have general averages between 14.4 and
25,4 ug/m>, a condition that can be considered as quite good.

Something similar can be found in the case of sulfur dioxide. Only
one station, Caracas 3, exceeds the REDPANAIRE Reference Leveis and the WHO
Long-Term Goals (Table 14). The other seven show much lower averages, with
a maximum of 15.2 ug/m3. Caracas 3 is the only one where a large percentage
of samples (56%) exceeds the Reference Level (Table 17). Of the remaining
stations, at Caracas 2 just 0.1% of all samples exceeds the Reference Level,
while all samples taken at the other six are below this figure.

It is possible that the heavy motor vehicle traffic in Caracas may
be causing a serious problem due to carbon monoxide, and perhaps to photo-
chemical oxidants. The Universidad Central de Venezuela and the Ministry
of Health and Social Welfare, both with PAHO assistance and the latter with
financial support from the UNDP, are trying to investigate this situation.
Venezuela has extensive economic resources, well-organized and efficient
health authorities and excellent universities and professionals. Thus, it
is likely that before long the country will have an effective program which
will lead to a better diagnosis of existing conditions, to the control of
current problems and to the prevention of new ones.

In Maracaibo very few samples were collected during a five-month
period. Only one sample (0.2%)} of 401 analyzed exceeds the Reference Levels.
This seems to show acceptable conditions that should be confirmed yv means
of more prolonged monitoring and surveillance programs.
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12.11 Medellin, Bogota, Barranquilla, Cartagena, Cali, and Bucaramanga

Colombia has the most extensive network in the whole Region, with 19
stations operating in six cities. Medellin shows the highest number of
samples in excess of the Reference Levels, with 5.8% of the total, These
percentages are a !fttle lower in the other cities; i.e. 3.8% in Bogota,

3.2% in Barranquilla, 2,3% in Cartagena and Cali, and only 1.5% in Bucara-
manga, These figures seem to show that Colombia has a problem that is not
yet too serious, but one that will be increasing in conjunction with the
socio-economic development of the country, This gives the health authorities
an excellent opportunity to establish, at a relatively low cost, a good
monitoring and surveillance program to determine the real magnitude of the
situation and its trends, and a preventive and control program which will not
only eliminatealready existing problems, possibly still limited in number,
but will prevent the appearance of new ones as well, The Ministry of

Public Health is aware of this and is implementing through its Environ-
mental Sanitation Division (Divisidn de Saneamiento Amblental) a program
which, with the needed resources, could constitute a model for many other
countries within the continent.

12.12 La Paz and Kingston

In these two cities samples have been colliected by only one REDPANAIRE
station, for a relatively short pariod. |In each case the health authorities
were unable to continue its operation. Results obtained show an acceptable
situation, with only 1 to 1.2% of the samples in excess of the Reference
Levels., Efforts should be made to resume measurements in both cases,
perhaps for short periods of possibly one week per month., This will help
ascertain [f the situation is being maintained, establish the future trend
of the problem, and make a long-term forecast showing the type of preventive
measures that should be applied in due course.

12.13 Lima

The four stations installed in Lima, three operated by the Institute
of Occupational Health of the Ministry of Health, and the fourth one by the
Sanitary Engineering Program of the Universidad Nacional de Ingenierfa, have
collected a total of 7 688 samples over a 6B-month period. Only 40 samples
(0.52) showed values in excess of the REDPANAIRE Reference Levels. Even if
these values are compared with the stricter limits of the WHO Long-Term
Goals, the average of the four stations is still below these figures. The
maximum daily value obtained for suspended dust in the whole city is exactly
the REDPANAIRE Reference Level, 100 ug/m3 (Table 11). Only at Lima 1 did
the maximum monthly average exceed the WHO Long-Term Goal of 40 ug/m3. At
the other three stations the maximum monthly averages were below these
figures (Table 10).

This seems to reflect a fairly acceptable situation, which could be
associated with the relatively small number of industries in the city and
with its temperate and very uniform climate which make household heating
unnecessary. However, measurements made by the Institute of Occupational
Health, by methods other than those utilized by the REDPANAIRE, show
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higher average concentrations than those obtained by the four network
stations operating in the city.'? |t is not easy to compare the two sets
of figures, nor establish the reason for these differences. Therefore, it
would be advisable to try to determine as precisely as possible the
effective concentration of air pollutants by means of a suitable research
and evaluation program which would require increased financial and human
resources.

13. TRENDS

The data for most of the stations exhibit clear cyclic or seasonal
variation and many of the time-series showed evidence of a long-term trend
in data values. For this reason a trend analysis was carried out by means
of the linear regression and correlation techniques.

Since time-series are being dealt with, each series of contaminant
values was regressed against absolute time expressed in months, and the
corresponding simple correlation coefficient was cafculated. A test of
significance was made at the 95% confidence level of the null hypothesis
that no significant trend exists, that is, that long=term variations in the
data are strictly of a random nature. For those cases in which the hypothesis
was rejected we are forced to conclude that a significant uniform trend
exists in the observed data.

Several precautions should be taken in interpreting the results of
such a trend analysis:

. A linear model was assumed for the trend analysis. It is possibie
that a trend could exist for a particular station that could be
better described by a higher order curvilineal or polynomial, and
that the linear model would erroneously obscure the trend. However,
such cases, if they existed, would be few and would be immediately
recognizable upon analyzing a plot of the data.

2. The model will not explain the seasonal, cyclical or stochastic
{random) variation in the data. Te ensure that the trend component
is not confused with shorter-term sources of variance, only stations
with a minimum of 24 monthly observations were subjected to trend
analysis.

3. The linear model is not assumed to be a structural model to explain
the generating mechanism giving rise to the observed phenomena, but
is used only to determine if there is a significant long-term trend
in the observed data,

b4, The analysis assumes that the data are homogeneous, that is, the
underlying generating mechanism is unchanged throughout the period
of record. |If changes are introduced ejther by natural or man-made
alterations in the environment, an inconsistent trend component may
be observed and the analysis will be invalidated.
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A clear example of this occurs in the case of Caracas 3 for sulfur
dioxide. According to the trend analysis, done by the above-described
technique, the computer indicated '"No significant trend''. However, in
Graph 1 an obvious reduction of the monthly averages can be seen from
October 1972 on. Data presented in Table 20 show that these averages,
with the cyclic variations already mentioned, oscilated between 100 to
200 ug/m? from 1969 to 1972, with a maximum of 207.2 ug/m3 in May 1970. Of
the samples collected between 1969 and 1971, 766 (98.7%) of them exceeded
the Reference Level, with a dally maximum of 507.2 ug/m3 in August 1970,
In August 1972 there is an abrupt change. All 705 samples taken since
September that year were below the Reference Level, with monthly averages
between 46.8 and 3.6 pg/m3, and a daily maximum of 64.7 ng/m3.

Sufficient data have not been received to establish the reasons for
this sharp change. It would be very interesting to have this matter
investigated by the institution in charge of this station. It is likely,
however, that either some important pollutant sources disappeared at that
time, or the station was moved. In any case homogeneity of data generation
would have been lost, and this loss would not be detected by the applied
analysis. This seems to be the only case of this nature.

Within the limits established by the above assumptions, the existence
of a significant trend will indicate to the control authorities that the
observed concentrations of a given pollutant are steadily increasing or
decreasing, and will make it possible to establish or modify, if necessary,
control policies in order to adopt the most appropriate measures.

Observed trends are grouped as increasing, decreasing, and not
statistically significant, and are presented in Table 21. Nineteen stations
(41.3%) out of 46 showed an increasing trend for settled dust, 13 (26.5%) out
of 49 for suspended dust, and t5 (30.6%) out of 49 for sulfur dioxide. None
of the stations showed a decreasing trend which would Indicate, with the
possible exception of what happened in the case of Caracas 3, that the
problem in general [s increasing. This seems logical since both the number
of Inhabitants and the number of industries are increasing In all cities,
while prevention and control programs are still In their initfal phase. [t
would also appear, in the absence of other Indications to the contrary, that
existing programs were not sufficient to reduce the air pollution problems
affecting the respective cities.

In Tabte 21B it can be seen that the stations with increasing trends
for settled dust and sulfur dioxide are distributed among nine cities, and
among six cities for suspended dust. Problems were on the rise especially
in Mexico City, where four to eight stations showed incresing trends for
the different pollutants. Caracas seems to have a problem with both settled
and suspended dust. Concentrations of sulfur dioxide are increasing at six
Mexico City stations, two in Buenos Aires and one station In seven other
cities.

14, DATA PRESENTATION

The large amount of data collected - 151 553 - makes it difficult to
include them in detall in this report. On the other hand, they are probably
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REDPANAIRE.

Year Month

1968 November
December

1969 February
March
April
May
June
July
August
September
October
December

1970  January
February
March
April
May
June
July
August
September
October

1971 February
March
April
May
June
July
September
QOctober
November
December
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Monthly averages for sulfur dioxide obtained

Table 20

at station Caracas 3 (1968-1974)

104.0
134.5
117.4
136.0
169.9
124.0
148.6
134.3
117.4
173.8

124.1
1i6.9
112.2
137.6
207.2
202.2
186.4
194.1
130.0

87.4

108.6
i02.9
134.0
112.4
122.9
157.1
150.2
117.2
100.3

82.2

(ug/m?)

Year

1972

1973

1974

Menth

January
February
March
April
May

June
July
August
September
October
November
December

January
February
March
April
May
June
July
August
September
October
November
December

January
February
March
April
May

June
July
September
October
November
December

Average

89.3
107.7
94.6
105.9
100.6
111.7
111.0
60.0
46.8
36.4

22.3

25.0
27.1
23.8
20.7
21,7
17.0
15.0
18.9
19.9
15.4
13.0
14.2

CO LN LW W O~ O WD ~ 0O
. L R R Y
OoOfFFvNoNiWwWEOD K



Iable 31
REDPANATRE (1967 - 1974)

A, Trends of monthly averages for three pollutants collected at 49 stations with

data corresponding to 24 or more months

Trend Settled Dust Suspended Dust Sulfur Dioxide
Stations b4 Stations % Stations 4
Increasing 19 41.3 13 26,5 15 30.6
No statistically
significant trend 27 58.7 36 73.5 © 34 69.4
Total 46 100.0 49 100.0 49 100.0
B. Stations with increasing trends
Settled Dust Suspended Dust Sulfur Dioxide
City Station NK° City Station N° City Station N°
La Paz 1 Mendoza 2 Buenos Aires 1-23
Belo Horizonte i La Paz 1 Cordcba 1
Sao Paulo 1 Barranquilla 2 La Paz 1
Medellin 2 Medellin 1-2-4 Belo Horizonte 1
San Jose 1 Mexico 1-2=5-6 Sao Paulo 1
San Salvador 1 Caracas 2-3-4 Bogota 2
Mexico city 1-2-3-5- Bucaramanga 1
6-7-8-11 - Havana 1
Montevideo 1 Mexico City 1-2-3-4-5-6
Caracas 2-3=4=5
9 19 6 13 9 15
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only of interest to the institutions in charge of operating the stations. To
prepare the analytical study presented in this document all the monthly reports
received were recorded on punched cards which, after verification, were
processed by computer. Tables with monthly averages for the three pollutants
were prepared in this way. |n the cases of suspended dust and sulfur dioxide,
for which daily samples are collected, the standard deviation, number of
samples, maximum and minimum value obtained and the percentage of samples
exceeding the corresponding Reference Level have also been included for each
month,

Similarly, monthly averages have been plotted by the computer in the
form of bar histograms made up of colums of asterisks, showing the Reference
Level for each pollutant with a dotted line. When there is no data for a
specific month the corresponding space is left blank.

Tables have been prepared for each one of the 93 stations included in
the present report. Graphs have been prepared only for stations collecting
samples during at least 2% months. As mentioned before, it is felt that
shorter periods do not demonstrate significant trends.

As an example, one of the two pages of data from station Mexico 1 is
included as Table 22, and in Graphs 2, 3 and 4 the monthly average for each
pollutant for the same station is presented. All tables and graphs have
been reproduced in a separate volume which will be distributed as an Annex
to the present report to the institutions in charge of operating the stations.
in addition, there are a very limited number of copies available from CEPIS
to selected agencies which request them for the purpose of making special
studies. This procedure has been adopted due to the high cost of publica-
tions and because it is hoped to better serve the Member Countries by present-
ing this report in a shorter volume, easier to read and manipulate, rather
than to weight it down with figures.

15. FUTURE PROGRAMS

As this report seems to indicate, in Latin America there are two
cities with sericus air pollution problems. Both have very active govern-
ment programs underway and it is expected that they will be able to reduce
pollutant levels. In another nine cities the situation is relatively serious
and should be of concern to the corresponding authorities. In the rest,
problems seem to be still in an initial stage. However, in many cases data
come from one isolated station and cannot, therefore, be considered as
representative of the real situation. It seems indispensable to expand
evaluation and monitoring programs as soon as possible to establish the
effective reality by collecting a sufficient number of samples to provide
the necessary representativity.

In relation to prevention and control, it might be thought that the
cities where problems are still in an incipient stage can take their time,
avoiding the need to spend funds on programs without sufficiently high
priority. A medium-term analysis will show immediately that such complacency
could be dangerous and costly.
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Table 23 presents some figures related to the projected growth of
Latin America during the next 24 years, i.e., until the year 2000. Part A
contains population projections until the year 2000 as they appear in a
study made in 1963.1% These are based on data for 1960 and consider three
hypothesis of growth: low, medium and high. They will give respectively
for the last date, 532.4, 638.1 or 686.1 millicn inhabitants.

in part B a new study prepared ten years later by ECLAlY is presented.
A comparison of the two studies can establish which of the three hypotheses
represents the actual growth rate. Although the ECLA figure for 1960 is a
little lower than the one used in the first study the figure for 1975 has
already reached an intermediate position between the low and medium hypo-
theses, and the projections for the year 2000 point to a population of
659.3 millions, intermediate between the medium and high hypotheses. Barring
unexpected circumstances, which are highly unlikely, population in Latin
America and the Caribbean will at least double in the next 24 years. Food,
housing, clothing, education, public services, transportation and work will
have to be provided for over 300 million more inhabitants, in addition to
the current population. This will mean, by necessity, more industries,
more motor vehicles - either private or public - more electricity, more
heating and probably more garbage incineration systems. In summary, an
inevitable increase in air pollution unless the corresponding authorities
initiate the essential preventive and control measures in time.

It should be clearly understood that the development of evaluation
and monitoring programs, as well as those for prevention and control,
requires financial resources and properly trained operational persennel. To
assign the first and to train the second is a must. This will not be an
easy task and will not be accomplished in a short term. It must be kept in
mind that a reasonably efficient program seems to require government financ-
ing equivalent to about US$0.50 per inhabitant per year., With the possible
exception of Mexico and Brazil, which have been allocating reasonably adequate
budgets to these activities, no other country approaches this figure. The
contents of this report should induce governmental authorities to start and
finance, in due course, the evaluation, prevention and control programs
required by their communities.

To date, the REDPANAIRE has been taking measurements exclusively in
urban zones where, with the exception of isolated cases, the most serious
probiems can be found, both current and potential. They also constitute
the fastest growing zones in the whole continent. To offer just one example,
in Table 23¢ a projection of the population in Lima, Peru, between 1974 and
2000 is included, prepared from data presented by the Peruvian Delegation
to the {11 Meeting of Health Ministers of the Andean Group {Caracas,

November 1974).1% According to the consol idated report prepared for that
event, in 1974 Lima had a population of 3 302 000 inhabitants and a growth
rate of 5% per year. If this rate is maintained, and according to unofficial
data it seems to be increasing, by the year 2000 the population of Lima will
reach 11 740 831 inhabitants; in other words, it will more than treble, This
phenomenon, which seems to be unpreventable and is repeated in the majority
of the capitals of the continent, will inevitably lead to ever more serious
air pollution problems and to the deterioration of the quality of air
breathed by their inhabitants. Even if the low pollutant concentrations
reported by the four REDPANAIRE stations operating in Lima are confirmed,
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Table 23

PROJECTIONS OF DEMOGRAPHIC GROWTH IN LATIN AMERICA, 1960-2000

A. According to United Natioms, Taken from "World Population Prospects as Assessed
in 1963", United Nations Population Studies No. 41. Quoted by Ehrlich, P.R, and
Ehrlich, A.H.

Year Population in millions
Growth Hiphotesis: Low Medium High
1960 212.4 212.4 212.4
1970 281.8 283.3 283.4
1975 321.3 327.6 328.9
1980 362.3 378.4 383.2
1990 446.5 497.9 521.6
2000 532.4 638.1 686.1

B. According to ECLA. "1973 Latin America Statistical Yearbook™ (24 countries: 20

countries plus Barbados, Guyana, Jamaica and Trinidad/Tobago).

Year Population in millions
1960 210.3
1970 279.0
1975 322.0
1980 371.8
1990 495,1%
2000 659.3%

{*) Calculated at CEPIS, applying the 15.4% five-year rate used by CEPAL.

C. Population in Lima. Proyected from data contained in the Consolidated Report on
Environmental Pollution in the Andean Group Countries, presented by the Peruvian
Delegation to the TII Meeting of the Ministers of Health of the Andean Group
(Caracas, November 1974).

Year Population Growth rate
1974 3 302 000 5% per year
1975 3 467 100
1980 4 424 995
1990 7 207 851
2000 11 740 831
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this explosive growth represents an imperative which demands the immediate
development of ever more active and efficient evaluation, prevention and
control programs.

On the other hand, this serious situation in the urban areas ought
not to induce us to disregard what is happening in rural zones. A growing
number of mineral and oil refineries are being instalied throughout the
Region and, in accordance with the policies adopted by almost every country
which call for decentralization and the establi{shment of new centers of
development, industries are being located in formally rural areas. This
gives rise to high concentrations of air pollutants, enough to seriously
affect the health of rural inhabitants and to produce important economic
damages due to their effects on the flora and fauna, and especially through
diminished agriculture and livestock yields., This can result in problems
with serious consequences which should be evaluated as soon as possible.

The Pan American Health Organization (PAHO) and its Pan American
Center for Sanitary Engineering and Environmental Sciences {(CEPIS) deliver
this report to the authorities, teaching institutions, professionals and
technicians of the whole continent in the hope of contributing to the
protection of the health of its inhabitants, fundamental mission commended
to the Organization by the Member Countries. They are confident of being
able to continue collaborating in the future to attain a better knowledge
of the problem and the implementation of ever more efficient and effective
prevention and control programs.

Lima, April 1976
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